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FOREWORD 


This  report,  "Prediction  of  Six-Degree-of-Freedom  Store  Separation 
ip^. g-j gctor ie s at  Speeds  up  to  the  Critical  Speed,  describes  a combined 
theoretical-experimental  program  directed  toward  developing  a computer 
program  for  predicting  the  trajectory  of  an  external  store  separated  from 
an  aircraft  of  the  fighter-bomber  type  at  speeds  up  to  the  critical 
speed.  Volume  I,  "Theoretical  Methods  and  Comparisons  with  Experiment," 
describes  the  theoretical  approach  and  presents  extensive  comparisons 
with  experimental  data.  This  volume,  Volume  II  - "Users  Manual  for  the 
Computer  Programs,"  presents  detailed  instructions  on  the  use  of  the 
computer  programs . 

The  work  was  carried  out  by  Nielsen  Engineering  & Research,  Inc., 

510  Clyde  Avenue,  Mountain  View,  California  94043,  under  Contract  No. 
F33615-71-C-1116.  The  contract  was  initiated  under  Project  8219,  Task 
821902,  of  the  Air  Force  Flight  Dynamics  Laboratory.  The  Air  Force 
Project  Engineer  on  the  contract  was  Jerry  E.  Jenkins,  AFFDL/FGC . The 
report  number  assigned  by  Nielsen  Engineering  & Research,  Inc.  is 
NEAR  TR  41. 

The  authors  wish  to  thank  Mr.  Jenkins  for  his  assistance  during 
the  course  of  the  investigation.  The  computer  program  card  decks  are 
available  upon  request  from  Mr.  Jenkins.  His  address  is  AFFDL/FGC, 

Wright-Patterson  AFB , Ohio,  45433. 

The  work  documented  in  this  report  was  started  on  December  11,  1970 
and  was  effectively  concluded  with  the  submission  of  this  report.  The 
report  was  submitted  ky  the  authors  in  June  1972. 

This  technical  report  has  been  reviewed  and  is  approved  for  publication 

FOR  THE  COMMANDER 
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Flight  Control  Division 


E.  H.  FLINN,  Chief 
Control  Criteria  Branch 
Flight  Control  Division 
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ABSTRACT 


Detailed  instructions  are  presented  for  using  two  computer  programs 
which  calculate  the  six-degree-of-f reedom  trajectories  of  external  stores 
which  are  separated  from  fighter-bomber  type  aircraft  at  speeds  up  to  the 
critical  speed.  Single  and  multiple  store  configurations  can  be  handled 
by  the  programs.  The  first  program  calculates  the  source  distributions 
which  represent  the  volume  distributions  of  the  fuselage,  store (s),  and 
ejector  rack  if  one  is  present.  The  second  program  uses  a lifting  surface 
theory  to  determine  a vorticity  distribution  which  represents  the  wing 
and  pylon  loading  and  calculates  the  trajectory  of  the  ejected  store. 

This  report  describes  the  two  programs,  presents  instructions  for  pre- 
paring input  for  the  programs,  describes  the  output  from  each  program, 
and  presents  sample  cases. 
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PREDICTION  OF  SIX-DEGREE-OF-FREEDOM  STORE  SEPARATION 
TRAJECTORIES  AT  SPEEDS  UP  TO  THE  CRITICAL  SPEED 

Volume  II  - Users  Manual  for  the 
Computer  Program 


1 . INTRODUCTION 

The  purpose  of  this  volume  of  the  report  is  to  describe  and  present 
instructions  for  using  the  two  computer  programs  developed  in  conjunction 
with  the  theoretical  work  presented  in  Volume  I,  reference  1.  The  programs 
as  described  in  this  report  have  been  run  on  both  the  CDC  6600  and 
Univac  1108  computers.  The  programs  should  run  with  very  little,  if  any, 
modification  on  other  computers  with  large  enough  memory  capacity.  The 
largest  of  the  two  programs  requires  approximately  110,000  octal  words 
of  core  storage.  No  tapes,  drums,  or  disks  are  used  by  either  program. 

All  input  to  the  programs  is  from  cards  and  all  output  is  printed. 

The  two  programs  are 

(1)  Source  distribution  program 

(2)  Six-degree-of-freedom  trajectory  program 

The  source-distribution  program  is  used  to  obtain  source-sink  distributions 
to  represent  the  fuselage,  rack,  and  store  volumes.  The  trajectory 
program  uses  these  source-sink  distributions  and  additional  information 
to  first  determine  the  vorticity  distribution  which  represents  the  wing- 
pylon  loading  including  interference  of  the  fuselage,  rack,  and  stores 
and  then  to  calculate  the  store  trajectory. 

The  next  sections  of  this  report  will  describe  in  more  detail  the 
general  use  of  the  programs  and  then  present  instructions  for  preparing 
the  input  data  and  interpreting  the  output.  Details  of  the  two  programs 
are  contained  in  two  appendices. 

The  method  of  describing  the  aircraft  components,  the  aircraft  opera- 
tional parameters,  and  the  dynamical  characteristics  of  the  stores  are  of 
importance.  The  various  parameters  which  are  included  in  the  computer 
program  are 

Wing  Panels 

Thickness  distribution:  Specified  at  large  number  of  chordwise  loca- 

tions and  at  the  same  number  of  spanwise  locations  as  used  in  the  vortex 
lattice  which  represents  the  wing  as  a lifting  surface. 
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Mean  camber  surface:  May  have  both  twist  and  camber. 

Leading-edge  shape:  Represented  by  straight  line  segments  of 

differing  sweep. 

Trailing-edge  shape:  Also  represented  by  straight  line  segments  of 

differing  sweep. 

Taper:  Controlled  by  shape  of  leading  and  trailing  edges. 

Dihedral:  Variable  across  wing  panel. 

Fuselage 

Shape:  Body  of  revolution. 

Pylon 

Thickness  distribution:  Same  method  of  description  as  for  wing  panel 

Mean  camber  surface:  Planar. 

Orientation:  Vertical  and  streamwise. 

Leading-edge  shape:  Straight  but  can  be  swept. 

Trailing-edge  shape:  Straight  but  can  be  swept. 

Taper:  Uniform  taper. 

Tip:  Parallel  to  pylon  root  chord. 

Number:  One  pylon  per  wing  panel. 

Rack 

Shape:  Body  of  revolution. 

Stores 

Shape:  Body  of  revolution. 

Number  of  stores:  Ten,  either  singly  or  in  MER  or  TER  configurations 

Attached  orientation:  Initial  pitch  angle  arbitrary,  initial  yaw 

angle  zero. 

Empennage:  Planar  or  cruciform  empennage. 

Initial  roll  orientation:  Arbitrary. 

Power:  Unpowered. 


2 


Airplane  Operating  Characteristics 


Flight  path:  Straight  but  not  necessarily  horizontal. 

Flight  velocity:  Constant. 

Density:  Constant . 

Angle  of  attack:  Constant. 

Yaw  angle:  Zero. 

Store  Inertial  Characteristics 

Moments  of  inertia:  Constant. 

Products  of  inertia:  Constant. 

Center  of  gravity  position:  Not  necessarily  on  store  longitudinal  axis. 

Store  Ejection  Conditions 

Initial  velocity:  In  vertical  plane  normal  to  store  longitudinal  axis. 

Initial  pitching  velocity:  Arbitrary. 

Initial  yawing  velocity:  Zero. 

Initial  rolling  velocity:  Zero. 

2.  GENERAL  DESCRIPTION  OF  THE  USE  OF  THE  PROGRAMS 

The  computer  program  which  has  been  written  to  calculate  the  trajec- 
tory of  a store  separated  from  an  aircraft  consists  of  two  programs,  an 
axisymmetric  source  distribution  program  and  a trajectory  program.  The 
calculation  of  the  source  distributions  to  represent  the  various  axisymmetric 
bodies  has  been  kept  separate  for  two  reasons.  First,  a number  of  runs 
may  have  to  be  made  with  the  program  to  obtain  a source  distribution  which 
adequately  reproduces  the  shape  of  the  body.  The  second  reason  is  that 
once  the  source  distribution  is  obtained  for  a specific  Mach  number  it 
need  not  be  recalculated  since  for  a given  body  shape  the  distribution  is 
only  a function  of  Mach  number. 

2.1  Source  Distribution  Program 

For  a given  aircraft-stores  combination  and  Mach  number,  source 
distributions  must  be  obtained  for  the  fuselage,  each  different  store 
shape,  and  the  ejection  rack  if  one  is  present.  The  actual  shape  of  each 
body,  made  dimensionless  by  the  length,  must  be  approximated  by  a body  of 
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revolution  and  specified  by  a series  of  segmented  polynomials.  If  the  body 
has  a blunt  base,  the  wake  must  be  modeled  by  extending  the  body  until  it 
closes.  If  compressibility  is  to  be  accounted  for  in  the  vortex  lattice 
and  trajectory  calculations,  that  is,  the  Mach  number,  M^,  is  not  to  be 
specified  as  zero,  then  source  distributions  must  be  obtained  for  each 
Mach  number  of  interest.  The  program  determines  the  equivalent  incom- 
pressible body  by  applying  the  transformation  given  by  equation  (1)  of 
reference  1.  The  compressibility  correction  stretches  the  body  by 
1/V^~  - M^.  In  the  trajectory  calculation  an  aircraft  velocity  must  be 
specified.  This  need  not  be  consistent  with  the  Mach  number  so  that  for 
low  flight  speeds  the  Mach  number  zero  shapes  can  be  used.  The  program 
calculates  and  prints  the  source  locations  and  strengths.  These  quanti- 
ties are  used  as  input  data  to  the  trajectory  program. 

2.2  Trajectory  Program 

After  the  source  distributions  which  represent  the  volume  distribu- 
tions of  the  fuselage,  all  of  the  stores,  and  the  rack,  if  one  is  present, 
have  been  determined  the  trajectory  program  is  ready  to  be  run.  This 
program  consists  of  three  main  sections.  The  first  section  reads  in  the 
input  data  and  calculates  quantities  from  these  data,  the  second  section 
solves  for  the  vorticity  distribution  which  represents  the  wing-pylon 
loading,  and  the  third  section  calculates  the  trajectory. 

2.2.1  Input  section 

The  input  section  of  the  program  reads  in  the  following  information 

(1)  Aircraft  flight  conditions 

(2)  Indices  specifying  what  aircraft  components  are  present 

(3)  Fuselage  data 

(4)  Wing  data 

(5)  Pylon  data 

(6)  Rack  data 

(7)  Store  data 

The  aircraft  flight  conditions,  item  (1)  above,  which  can  be  varied  are 
the  angle  of  attack,  flight  path  angle,  Mach  number,  free-stream  air 
density,  and  flight  velocity.  The  Mach  number  must  be  consistent  with 
that  used  to  calculate  the  source  distributions. 
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Item  (2)  consists  of  four  indices.  The  first  three  specify  whether 
or  not  the  fuselage,  pylon,  and  rack  are  present  and  the  fourth  specifies 
the  number  of  stores.  The  program  in  its  present  form  will  handle  a 
maximum  of  ten  stores.  This  limit  is  imposed  by  dimension  statements  in 
the  program  and  could  be  changed. 

The  fuselage  input  data  consist  of  the  length,  maximum  radius,  and 
source  distribution. 

The  wing  input  data  locate  the  wing  relative  to  the  fuselage,  includ- 
ing its  incidence,  and  supply  information  required  to  lay  out  the  vorticity 
and  thickness  distributions.  The  data  also  include  the  twist  and  camber 
distribution  and  the  slope  distribution  of  the  thickness  envelope.  The 
wing  leading  and  trailing  edges  can  have  breaks  in  sweep.  The  wing  dihedral 
angle  does  not  have  to  be  constant  over  the  semispan. 

Similarly,  the  pylon  input  data  locate  the  pylon  from  which  the  store 
is  to  be  separated  and  provide  information  required  to  lay  out  the  vorti- 
city and  thickness  distributions.  The  pylon  is  located  laterally  relative 
to  the  fuselage  centerline  and  longitudinally  relative  to  the  leading  edge 
of  the  local  wing  chord.  The  data  also  include  the  slope  distribution  of 
the  thickness  envelope.  The  pylon  cannot  have  twist  or  camber.  The 
leading  and  trailing  edges  can  be  swept  at  constant  but  different  sweep 
angles . 

The  rack,  if  one  is  present,  is  located  immediately  below  the  pylon. 

The  input  data  for  the  rack  locate  its  nose  relative  to  the  local  wing 
chord  and  specify  its  incidence  relative  to  the  wing  root  chord.  In 
addition,  the  rack  length,  maximum  radius,  and  source  distribution  are 
input . 

Data  are  input  for  each  store  present  on  the  aircraft  which  assigns 
a store  number  and  specifies  a shape  number,  the  length,  and  the  maximum 
radius.  Each  store  is  located  by  specifying  its  lateral  position  relative 
to  the  wing  root  chord  and  the  longitudinal  and  vertical  position  of  the 
store  nose  relative  to  the  wing  chord  immediately  above  the  store.  The 
incidence  of  the  store  relative  to  the  wing  root  chord  is  also  specified. 

A source  distribution  is  input  for  each  different  store  shape.  Data  should 
be  input  for  all  stores  close  enough  to  the  store  being  separated  to  affect 
its  trajectory.  The  separated  store  must  be  under  the  fuselage  centerline 
or  to  the  left  of  this  line  as  seen  by  the  pilot.  For  store-to-store 
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interference  calculations,  the  program  does  not  assume  that  the  same  stores 
exist  to  the  right.  Thus  data  must  be  input  for  stores  on  that  side  if 
they  are  close  enough  to  affect  the  trajectory.  The  vortex-lattice  calcu- 
lation requires  left  to  right  symmetry.  Thus,  for  this  calculation  the 
program  ignores  all  stores  input  to  the  right  of  the  fuselage  centerline 
and  assumes  all  stores  input  on  the  left  side  exist  on  the  right. 

2.2.2  Vortex-lattice  section 

The  second  main  section  of  the  program  calculates  the  wing-pylon 
vorticity  distribution.  This  is  done  using  equations  (6)  and  (7)  of  section 

4.2.2  of  reference  1.  Before  performing  this  calculation  all  of  the  air- 
craft components  are  located  relative  to  the  fuselage  and  then  the  entire 
configuration  is  transformed  into  an  equivalent  incompressible  one  using 
equation  (1)  of  reference  1.  The  coefficient  matrix  is  then  calculated 
and  the  right-hand  side  is  determined.  Finally^  the  strengths  of  the 
vortices  are  calculated  by  solving  the  set  of  simultaneous  equations. 

2.2.3  Trajectory  section 

The  third  and  last  main  section  of  the  trajectory  program  is  the 
trajectory  calculation  which  consists  of  the  following  steps 

(1)  Input  additional  information  to  describe  separated  store 

(2)  Input  empennage  data  if  store  has  one 

(3)  Initialize  for  trajectory  calculation 

(4)  Calculate  aerodynamic  forces  and  moments 

(5)  Calculate  accelerations  and  rates  of  change  of  orientation  angles 

(6)  Integrate  equations  of  motion 

(7)  Repeat  steps  (4) , (5) , and  (6)  to  end  of  trajectory 

The  additional  data  describing  the  store  to  be  separated  include  indices 
specifying  which  store  is  to  be  separated,  the  number  of  segments  the  body 
is  to  be  broken  into  for  the  force  calculation,  the  flow  separation  loca- 
tion, and  whether  the  store  has  an  empennage.  Also,  the  store  mass  and 
inertia  characteristics  are  read  in  along  with  the  location  of  the  point 
about  which  the  aerodynamic  moments  are  to  be  calculated.  This  is  the 
point  about  which  the  moments  and  products  of  inertia  were  calculated. 

The  location  of  the  store  center  of  mass  relative  to  this  point  is  also 
specified  as  are  the  store  axial-force  coefficient  and  the  value  of  the 
crossflow-drag  coefficient  to  be  used  in  the  viscous  crossflow  force  and 
moment  calculation. 
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Three  other  indices  are  input  which  pertain  to  options  included  in 
the  computer  program.  Provision  has  been  made  to  include  or  exclude  the 
damping  terms  in  the  velocity  field  calculation.  Also,  for  stores  with 
empennages,  rolling  moment  may  or  may  not  be  included  in  the  acceleration 
determination.  The  third  option  pertains  to  the  calculation  of  free-flight 
trajectories  as  opposed  to  captive-store  trajectories  as  obtained  in  the 
wind  tunnel.  In  wind-tunnel  captive-store  testing  it  is  customary  to 
change  the  store  pitch  and  yaw  angles  to  account  for  translational  motion 
only  while  measuring  the  aerodynamic  forces  and  moments.  This  changes  its 
position  in  the  nonuniform  flow  field.  Provision  has  been  made  in  the 
computer  program  to  simulate  this. 

For  a store  with  an  empennage,  additional  quantities  must  be  specified 
These  data  are  an  index  indicating  whether  the  empennage  is  planar  or 
cruciform,  the  tail-fin  semispan,  the  average  body  radius  in  the  tail-fin 
region,  the  initial  roll  orientation  of  the  fins,  and  the  lift-curve  slope 
of  the  fins  alone.  In  addition  the  axial  position  at  which  the  forces 
are  assumed  to  act  must  be  specified. 

In  the  trajectory  initialization  certain  store  separation  conditions 
are  specified.  These  are  an  initial  translational  velocity  in  the  vertical 
plane  containing  the  store  longitudinal  axis  and  an  initial  pitching  velo- 
city. The  store  axial  and  lateral  velocities  and  yawing  and  rolling 
rotational  velocities  are  initially  zero. 

The  integration  of  the  equations  of  motion  is  done  by  a standard 
numerical  integration  technique  with  the  aerodynamic  forces  and  moments 
calculated  at  each  point  required  by  the  integration  scheme.  The  calcu- 
lation of  the  nonuniform  velocity  field  and  the  resulting  forces  and 
moments  is  described  in  section  5 of  reference  1. 

For  a given  aircraft-store  combination  and  Mach  number,  it  can  be 
seen  that  a series  of  trajectories  can  be  run  with  only  minor  changes  to 
the  input  data  deck.  For  example,  the  aircraft  angle  of  attack  can  be 
varied  by  changing  one  number  on  one  card  as  can  the  aircraft  flight  path 
angle.  The  altitude  can  be  varied  by  changing  the  free-stream  density 
and  possibly  the  free-stream  velocity  to  account  for  changes  in  the  speed 
of  sound.  Among  other  things  easily  varied  are  the  store  mass  and  inertia 
properties,  center  of  gravity  location,  and  ejection  conditions. 
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Provision  has  also  been  made  for  restarting  a trajectory.  This  is 
accomplished  by  changing  one  card  which  specifies  the  initial  and  final 
times  and  adding  two  cards  specifying  the  current  values  of  the  dependent 
variables.  These  are  tabulated  in  the  output  at  each  integration  step. 

3.  SOURCE  DISTRIBUTION  PROGRAM 

The  purpose  of  this  program  is  to  calculate  the  source-sink  distri- 
butions which  are  required  to  represent  the  volume  distributions  of  the 
fuselage,  rack,  and  stores.  The  actual  body  shapes  must  be  approximated 
by  bodies  of  revolution.  The  program  consists  of  the  main  program  and  two 
subroutines  called  SHAPE  and  INVERS . A listing  of  the  program  is  presented 
in  figure  1 and  a flow  chart  in  figure  2. 

The  program  listing  in  figure  1 is  specifically  for  the  CDC  6600 
computer.  To  run  the  program  on  other  machines  such  as  the  Univac  1108 
the  three  unsequenced  statements  following  sequence  number  S0RA1  34  in 
the  main  program  may  have  to  be  removed  or  changed. 

3.1  General  Description  of  Program 

The  flow  chart  of  figure  2 shows  that  the  first  function  that  the 
program  performs  is  to  read  in  all  the  required  input  data  and  to  print 
it  out.  Next  the  locations  at  which  sources  are  to  be  placed  are  deter- 
mined. The  location  of  the  first  source  is  specified  by  the  input  data 
as  is  the  distance  between  sources  in  terms  of  a fraction  of  the  local 
body  radius.  Thus  the  location  of  each  successive  source  is  determined 
from  the  location  of  the  previous  one  and  the  radius  at  that  point. 
Subroutine  SHAPE  calculates  the  radius  and  local  surface  slope  from  the 
equations  describing  the  body.  The  program  in  its  present  form  will 
handle  up  to  100  sources.  If  it  tries  to  lay  out  more  than  this  number 
a message  indicating  this  is  printed  and  the  calculation  is  terminated. 

The  program  next  determines  the  body  radius  and  surface  slope  at 
the  points  on  the  body  where  the  surface  boundary  condition  is  to  be 
imposed.  This  is  discussed  in  sections  4.1.2  of  reference  2.  The  points 
are  located  axially  midway  between  two  adjacent  sources.  One  location, 
which  is  just  forward  of  the  location  at  which  the  body  first  reaches  its 
maximum  thickness,  is  eliminated.  Thus,  the  surface  boundary  condition 
is  imposed  at  (N-2)  locations  where  N is  the  number  of  sources. 
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The  next  part  of  the  program  calculates  the  coefficient  matrix  and 
the  right-hand  side  of  the  set  of  simultaneous  equations  to  be  solved  for 
the  source  strengths.  Equations  (19)  through  (21)  of  reference  2 are  used. 
Following  this,  subroutine  INVERS  is  called  to  solve  for  the  source  strengths. 

The  last  section  of  the  program  takes  the  source  distribution  just 
determined  and  calculates  the  shape  of  the  body  represented  by  it.  This 
shape  should  be  compared  with  the  known  shape  and  if  the  representation  is 
inaccurate  a new  source  distribution  should  be  tried.  This  will  be  dis- 
cussed further  in  section  3.2.1. 

The  shape  given  by  the  source  distribution  is  obtained  from  the  equa- 
tion for  the  stream  function,  ^*,  equation  (14)  of  reference  2.  Since  one 
of  the  boundary  conditions  imposed  is  that  the  nose  is  a stagnation  point 
the  body  shape  will  be  given  by  the  = 0 line. 

A detailed  description  of  the  main  program  and  the  two  subroutines 
is  presented  in  Appendix  I. 

3.2  Input  Data 

3.2.1  Input  format 

The  format  of  the  input  data  for  the  source  distribution  program  is 
shown  in  figure  3.  Three  lines  of  information  are  shown  for  each  item. 

The  first  line  gives  the  program  variable  names.  The  second  line  shows 
the  card  column  fields  into  which  the  data  are  to  be  punched,  and  the 
third  line  shows  the  FORTRAN  format  type.  Data  punched  in  I format  are 
right  justified  in  the  field,  whereas  data  in  F format  can  be  punched 
anywhere  in  the  field.  A decimal  point  should  be  included  in  F-type 
data . 

Item  number  1 is  an  index  NCARDS  which  indicates  how  many  cards  of 
information  are  to  follow  to  identify  the  run,  item  number  2.  The  value 
of  NCARDS  must  be  one  or  greater. 

Item  number  2 is  a set  of  NCARDS  cards  containing  hollerith  informa- 
tion which  may  start  and  end  anywhere  on  the  card.  The  cards  are  repro- 
duced in  the  output  just  as  they  are  read  in. 

Item  number  3 consists  of  one  card  with  one  index,  NSECT,  and  the 
Mach  number,  FMACH.  The  index  NSECT  specifies  the  number  of  segmented 
polynomials  being  used  to  represent  the  body.  The  maximum  value  of  NSECT 
is  seven,  that  is, 
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1 < NSECT  < 7 


The  next  two  items,  items  number  4 and  5,  of  input  data  are  associated 
with  the  polynomials  used  to  describe  the  body  shape  and  the  wake.  The 
polynomial  programmed  in  subroutine  SHAPE  is 


r_ 

l 


C 

l 


+ c. 


A/0  2 (7)  +C3(^)+C4  + C5  C i ) 


+ CL 


(1) 


where  C through  C7  are  the  coefficients,  r is  the  local  body  radius, 
and  i is  the  body  length.  The  source  distributions  must  be  calculated 
for  shapes  which  are  made  dimensionless  by  the  body  length  since  the 
trajectory  program  is  written  assuming  this  to  be  the  case.  This  length 
is  the  length  of  the  body  and  does  not  include  the  additional  length  due 
to  the  addition  of  a wake. 

The  polynomials  are  for  the  actual  body,  not  the  equivalent  = 0 

body.  The  equivalent  incompressible  body  is  determined  by  the  program. 
The  transformation  given  by  equation  (1)  of  reference  1 is  applied  to  the 
actual  shape.  This  transformation  is 


x’ 


y‘  **  y> 


z ' = z 


(2) 


Therefore  the  body  is  lengthened  by  a factor 


As  was  mentioned  previously,  items  number  4 and  5 on  figure  3 are 
input  data  associated  with  the  polynomials  specifying  the  shape  of  the 
actual  axisymmetric  body.  Item  4 consists  of  one  card  which  contains  the 
NSECT  values  of  the  end  points  of  the  polynomials  describing  the  shape. 
The  decimal  point  can  be  placed  anywhere  in  the  ten-column  field. 


Item  number  5 on  figure  3 is  a set  of  NSECT  cards  specifying  the 
values  of  the  coefficients  of  the  polynomials,  equation  (1).  All  seven 
coefficients  are  input  even  though  many  of  them  may  be  zero. 


Item  number  6 on  figure  3 is  the  last  card  of  input  data.  The  eight 
quantities  are 


XSFST 


value  of 


x/i  at  which  the  first  source  is  to  be  placed 
x/i  beyond  which  no  source  is  to  be  placed 


XSLST 


value  of 
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PERCR  fraction  of  the  local  body  radius  between  sources 

XRMAX  value  of  x/i  at  which  maximum  radius  or  thickness  is 

first  reached 

XINIT  initial  value  of  x/i  at  which  body  radius  is  to  be  calcu- 

lated from  source  distribution 

XFINAL  final  value  of  x/i  at  which  body  radius  is  to  be  calcu- 
lated from  source  distribution 

DELX  increment  between  points  at  which  body  radius  is  to  be 

calculated  from  source  distribution 

RMAX  maximum  value  of  r/i  of  actual  body 

The  first  four  quantities  are  used  in  calculating  the  source  distri- 
bution. The  values  of  XSFST  and  PERCR  are  important  in  obtaining  a good 
representation  of  the  body  shape.  The  location  of  the  first  source,  XSFST, 
controls  how  well  the  nose  of  the  body  is  modeled.  A value  of  0.001  or 
0.002  has  been  found  to  be  satisfactory.  If  the  value  is  too  large,  the 
nose  will  generally  be  blunter  than  desired.  The  correct  value  of  PERCR 
is  found  by  trial  and  error.  A procedure  which  has  been  found  to  work 
quite  well  is  to  make  a calculation  with  PERCR  = 1.0.  If  the  shape 
generated  by  the  resulting  source  distribution  is  not  adequate,  that  is, 
too  large  in  diameter  or  contains  ripples  of  undesirable  magnitude,  then 
PERCR  should  be  decreased.  If  an  excellent  fit  is  obtained  a larger  value 
of  PERCR  should  be  tried.  From  the  standpoint  of  computation  time  during 
the  trajectory  calculation,  the  number  of  sources  should  be  minimized. 

The  value  of  XSLST  must  be  at  least  0.005  less  than  the  length  of  the 

body.  For  blunt-based  bodies  which  are  extended  to  model  a wake,  the 
value  must  be  at  least  0.005  less  than  the  x/ i of  the  end  of  the  wake. 

The  quantity  XRMAX  is  self-explanatory. 

The  last  four  quantities  on  the  last  card  pertain  to  the  calculation 
of  the  shape  represented  by  the  source  distribution.  This  shape  is  to  be 
compared  with  the  known  body  shape  to  determine  the  accuracy  of  the  source 
distribution.  Hence,  a sufficiently  small  value  of  DELX  should  be  used 
so  that  details  of  the  calculated  shape  can  be  seen. 

3.2.2  Sample  input  data 

Four  sets  of  sample  input  data  for  the  source  distribution  program 
are  shown  in  figure  4.  These  are  data  used  to  calculate  source  distributions 
to  model  the  volume  distributions  of  the  various  bodies  used  in  the  wind- 
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tunnel  tests  performed  in  conjunction  with  the  present  work.  The  various 
components  of  the  wind-tunnel  model  are  shown  in  figure  5. 


Referring  to  figures  3 and  5(d),  first  consider  the  input  data  for  the 
ogive-cylinder  store  shown  in  figure  4(a).  The  first  card  contains  NCARDS, 
which  is  2,  and  the  next  two  cards  are  these  two  cards  of  identifying 
information.  The  next  card  contains  NSECT  and  FMACH.  The  body,  including 
its  wake,  is  to  be  represented  by  three  polynomials,  NSECT  = 3,  of  the 
type  given  by  equation  (1).  The  Mach  number,  FMACH,  is  0.4.  Examining 
figure  5(d)  it  is  seen  that  the  nose  is  an  ogive  1.5  inches  long  so  that 
it  ends  at  {£  is  the  store  length) 


The  cylindrical  section  ends  at  x/i  = 1.0.  To  model  the  wake  let  us  use 
the  same  shape  as  the  nose.  Therefore,  the  wake  terminates  at  x/i  = 1.2353. 
The  end  points  of  these  three  polynomials  are  contained  on  the  next  card, 
card  5 of  figure  4(a). 

The  next  three  cards  contain  the  coefficients  of  the  polynomials  for 
the  three  sections  (see  eq.  (1) ) . The  nose  section  is  a circular  arc  so 
that  when  the  following  boundary  conditions  are  imposed 


The  cylindrical  section  runs  from  x/i  » 0.2353  to  x/ £ = 1.0  and  in 
this  region 


x 


Al  = 0.2353 
6 . 3 / b 


j = 0.2353 


X 


0.2353 


the  equation  of  a circle  gives 


j = -0.4413  + 


+ 0.4706  j + 0.1947 


(3) 


j = 0.05882 


(4) 
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The  wake  is  also  a circular  arc.  By  imposing  the  following  three  boundary 
conditions 


■y  = 0.05882 

JU 


J = 1.2353 


we  obtain 


j = -0.4413  + 


+ 2.0  j - 0.7499 


(5) 


Equations  (3) , (4) , and  (5)  are  the  three  polynomials  describing  the  shape 

of  the  store  and  the  coefficients  are  contained  in  cards  6 through  8 of 
figure  4 ( a) . 

The  last  card  of  figure  4(a)  contains  the  remaining  input  data.  The 
first  number,  XSFST,  specifies  that  the  first  source  is  to  be  located  at 
x/i  = 0.002.  The  second  number,  XSLST,  indicates  that  no  source  is  to  be 
placed  behind  x/£  = 1.23  and  the  third  number,  PERCR,  requires  that  the 
source  spacing  be  0.7  times  the  local  value  of  t/£.  The  fourth  quantity 
on  this  card,  XRMAX,  specifies  that  the  maximum  body  radius  is  first 
reached  at  x/ £ = 0.2353.  The  next  three  quantities  specify  the  values 
of  x/ £ at  which  the  body  radius  is  to  be  calculated  from  the  source 
distribution.  The  first  value  of  x/£,  XINIT,  is  0.01,  the  last  value, 
XPINAL , is  1.23,  and  the  interval  between  points,  DELX,  is  0.02.  The 
last  quantity  on  this  card,  RMAX,  if  the  maximum  value  of  r/ £ for  the 
store,  0.05882. 

The  remaining  three  sets  of  input  data  shown  in  figure  4 are  for  the 
fuselage,  figure  5(a),  the  small  boattail  store,  figure  5(e),  and  the  TER 
rack,  figure  5(c).  The  fuselage  is  represented  by  a circular  arc  nose, 
a cylindrical  centerbody,  and  a circular  arc  afterbody  which  is  allowed  to 
close  aft  of  the  actual  base  of  the  fuselage  in  order  to  model  the  wake. 
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Table  I presents  the  coordinates  of  the  small  boattail  store.  Exami- 
nation of  figure  4(c)  shows  that  this  body  is  approximated  by  a series  of 
circular  arcs  except  for  the  short  cylindrical  section  at  the  base  of  the 
body.  The  wake  is  again  modeled  by  a circular  arc. 

The  TER  rack  shown  in  figure  5(c)  can  be  approximated  by  a body  of 
revolution  to  which  are  attached  three  short  pylons.  In  the  present  pro- 
grams the  pylons  are  not  accounted  for  and  a source  distribution  is  used 
to  model  the  body  of  revolution.  The  input  data  of  figure  4(d)  shows  that 
the  nose  is  approximated  by  an  ellipse,  the  center  section  by  a cylinder, 
and  the  aft  end  by  a circular  arc.  Again,  this  aft  section  is  extended 
until  it  closes  in  order  to  model  the  wake. 

3 . 3 Output  from  the  Program 

The  output  data  from  the  source  distribution  program  for  the  four 
sets  of  input  data  shown  in  figure  4 are  presented  in  figures  6 through  9. 
Figure  6 is  the  output  for  the  ogive— cylinder  store;  figure  7,  the  output 
for  the  fuselage;  figure  8,  the  output  for  the  small  boattail  store;  and 
figure  9,  the  output  for  the  triple  ejector  rack. 

Part  (a)  of  each  figure  is  page  1 of  the  output.  This  page  tabulates 
most  of  the  input  data.  Page  2 of  the  output,  part  (b)  of  each  figure, 
tabulates  the  x/ £ locations  at  which  the  sources  were  placed  along  with 
the  values  of  r/£  and  dr/dx  calculated  from  the  input  polynomials  at 
these  values  of  x/£. 

Page  3 of  the  output,  part  (c)  of  each  figure,  specifies  the  number 

of  sources,  the  Mach  number,  the  values  of  x/£  at  which  the  sources  are 

located,  and  also  the  dimensionless  incompressible  source  strengths. 

These  are  tabulated  in  the  format  in  which  they  are  to  be  punched  (6E12.4) 
for  input  into  the  trajectory  programs.  They  are  not  punched  in  the  order 
shown.  The  values  of  x/ £ are  first  punched  and  then  beginning  on  a new 
card  the  values  of  Q are  punched. 

Page  4 of  the  output,  part  (d)  of  each  figure,  lists  the  shape  calcu- 
lated from  the  source  distribution.  Tabulated  as  a function  of  x/ £ is 

the  calculated  r/ £.  This  radius  distribution  should  be  compared  with  that 
given  by  the  polynomials  used  to  represent  the  body.  If  the  two  shapes  do 
not  agree  to  the  desired  accuracy,  then  the  location  of  the  first  source 
and  the  source  spacing  should  be  varied  in  order  to  attempt  to  improve  the 
representation. 
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4.  S IX- DEGREE -OF- FREEDOM  TRAJECTORY  PROGRAM 

The  six-degree-of-freedom  trajectory  program  uses  the  source  distri- 
butions, calculated  as  described  in  the  preceding  section,  as  input  data. 

In  addition  other  data  are  input  describing  the  various  components  of  the 
aircraft  and  locating  them  with  respect  to  each  other  as  well  as  data 
describing  the  aircraft  flight  conditions.  The  vorticity  distribution 
representing  the  wing-pylon  loading  is  next  determined  and  following 
this  additional  data  describing  the  separated  store  are  read  in  and  the 
trajectory  calculation  performed. 

The  program  just  described  consists  of  a main  program  and  32  sub- 
routines. Table  II  lists  these  subroutines  in  alphabetical  order  and 
gives  a one-sentence  description  of  what  each  subroutine  does.  A listing 
of  the  six-degree-of-freedom  trajectory  program  and  its  32  subroutines 
is  presented  in  figure  10  and  a general  flow  chart  of  the  main  program 
in  figure  11.  The  program  listing  in  figure  10  is  specifically  for  the 
CDC  6600  computer.  To  run  it  on  other  machines  such  as  the  Univac  1108 
the  three  unsequenced  cards  following  sequence  number  6DA01124  in  the 
main  program  may  have  to  be  removed  or  changed.  A detailed  description 
of  the  program  and  subroutines,  including  the  equations  programmed,  is 
presented  in  Appendix  II. 

4.1  General  Description  of  Program 

The  computer  program  integrates  the  six-degree-of-freedom  equations 
of  motion,  which  are  derived  in  Appendix  II  of  reference  1,  in  the  manner 
described  in  section  6 of  that  reference.  The  aerodynamic  forces  and 
moments  are  calculated  by  the  methods  presented  in  section  5 of  that 
report . 

A general  flow  chart  of  the  program  is  presented  in  figure  11.  Page  1 
of  the  flow  chart,  figure  11(a),  is  the  input  section  of  the  program. 
Constants  are  defined  and  heading  information  is  read  and  printed.  The 
aircraft  flight  conditions  are  input  as  are  indices  specifying  what  air- 
craft components  are  present.  If  the  fuselage  is  present  the  fuselage 
data  are  read  in  and  printed. 

The  next  steps  in  the  program  read  in  the  data  required  to  model  the 
wing.  The  data  locating  the  wing  and  specifying  its  incidence  relative 
to  the  fuselage  are  first  read  and  then  subroutine  WVLIN  is  called.  This 
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routine  reads  in  the  data  required  to  lay  out  the  vortex  lattice  which  will 
represent  the  loaded  wing  and  lays  out  the  lattice.  In  addition  it  reads 
in  the  twist  and  camber  distribution  at  the  vortex  lattice  control  points. 
The  last  wing  input  data  is  the  thickness  distribution.  These  data  are 
read  in  by  subroutine  WTHIN. 

A check  is  made  in  the  program  to  determine  whether  or  not  a pylon 
is  present.  If  it  is,  data  describing  the  pylon  are  read  and  subroutines 
PVLIN  and  PTHIN  are  called  to  read  in  the  data  required  to  lay  out  the 
pylon  vortex  lattice  and  thickness  distribution.  Following  this  the  pylon 
is  located  in  the  fuselage  coordinate  system. 

The  next  two  steps  in  the  program  call  subroutines  VLOUT  and  THOUT 
which  output  the  vortex  lattice  and  thickness  distribution  data.  The 
vortex  strengths  are  calculated  and  tabulated  later. 

One  of  the  optional  aircraft  components  is  the  ejection  rack.  If 
one  is  present  the  next  steps  in  the  program  input  all  of  the  data  des- 
cribing and  locating  the  rack.  The  input  data  locate  the  rack  relative 
to  the  local  wing  chord.  Calculations  are  made  which  locate  it  in  both 
the  wing  and  fuselage  coordinate  system. 

Provision  has  been  made  for  not  including  any  stores  in  the  input 
data.  This  has  been  done  so  that  the  program  can  be  used  to  determine  the 
coordinates  of  the  points  at  which  the  wing  twist  and  camber  distribution 
must  be  input.  The  next  step  in  the  program  checks  to  see  if  there  are 
any  stores  and  if  there  are  none  the  store  input  section  of  the  program 
is  bypassed.  If  there  are  stores,  subroutine  STRIO  is  called  to  read  in 
and  print  all  of  the  store  data.  These  data  consist  of  the  locations  and 
incidences  of  all  the  stores  and  a source  distribution  for  each  different 
shape.  After  all  of  these  data  are  input,  each  store  is  located  in  the 
fuselage  coordinate  system. 

Boxes  2 through  5 of  the  left-hand  column  of  figure  11  (b)  are  asso- 
ciated with  the  calculation  of  the  vorticity  distribution  to  represent 
the  wing-pylon  loading.  The  equations  used  to  solve  for  the  vorticity 
distribution  are  equations  (6)  and  (7)  of  section  4.2.2  of  reference  1. 

The  first  step  is  to  call  subroutine  VLCOEF  which  calculates  the 
coefficient  matrix,  that  is,  the  coefficients  multiplying  the  unknown 
vortex  strengths,  r , in  equations  (6)  and  (7).  The  next  step  is  to  call 
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subroutine  VLRHS  which  calculates  the  right-hand  side  of  this  set  of 
simultaneous  equations.  The  resulting  set  of  equations  are  then  solved 
by  calling  subroutine  INVERS . Subroutine  VSTOUT  is  called  to  output  the 
resulting  vortex  strengths,  control  point  coordinates,  and  interference 
velocities  at  these  points.  If  there  are  no  stores  present  this  ends  the 
calculation  and  the  program  returns  to  the  beginning  to  read  another  set 
of  input  data. 

If  stores  are  present  the  program  continues  and  reads  in  the  addi- 
tional data  required  to  describe  the  store  to  be  separated  and  performs  the 
initialization  for  the  trajectory  calculation.  The  remainder  of  the  flow 
chart  of  figure  11(b)  shows  this  part  of  the  programs.  First  the  addi- 
tional data  describing  the  store  are  read  in.  These  data  consist  of, 
among  other  things,  the  mass  and  inertia  characteristics,  polynomials 
defining  the  body  shape,  and  center  of  gravity  location.  The  next  step 
is  to  calculate  other  quantities  from  these  data. 

If  the  store  to  be  separated  has  an  empennage  the  data  required  to 
describe  the  empennage  are  input  and  subroutine  EMPINI  is  called  to 
initialize  for  the  empennage  force  and  moment  calculation. 

Provision  is  made  in  the  program  for  prescribing  initial  vertical 
and  pitching  velocities  relative  to  the  parent  aircraft.  These  are  next 
read  in  and  then  the  initial  values  of  the  12  dependent  variables  in  the 
trajectory  calculation  are  computed.  These  are 

(1)  The  three  coordinates  of  the  store  center  of  moments  relative 
to  the  fuselage  nose. 

(2)  The  three  translational  velocity  components  of  the  store  center 
of  moments  relative  to  the  fuselage. 

(3)  The  three  store  rotational  velocities. 

(4)  The  three  angles  giving  the  store  orientation  relative  to  the 
fuselage . 

Reference  positions  of  the  store  nose,  center  of  moments,  and  base  are 
next  calculated  and  the  initial  and  final  trajectory  times,  as  well  as  a 
guess  at  the  integration  interval,  are  input.  If  the  initial  time  is  not 
zero,  then  the  trajectory  is  being  restarted  from  a previous  run  and  the 
current  values  of  the  12  dependent  variables  obtained  from  that  run  are 
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read  in.  The  last  step  in  the  initialization  is  to  initialize  subroutine 
ADAMS,  the  integration  routine. 

The  last  page  of  the  flow  chart,  figure  11(c),  is  the  integration 
loop  of  the  program.  The  first  steps  are  to  calculate  the  aerodynamic 
forces  and  moments  acting  on  the  body  and  the  empennage,  if  one  is  present, 
of  the  separated  store.  The  body  forces  and  moments  are  determined  by  the 
methods  described  in  section  5.2  of  reference  1.  The  empennage  forces  and 
moments  are  determined  as  discussed  in  section  5.3  and  Appendix  I of  that 
reference . 

One  of  the  options  in  the  computer  program  is  to  calculate  a wind- 
tunnel  captive-store  trajectory  as  opposed  to  a free-flight  trajectory. 

It  is  customary  in  the  wind  tunnel  to  change  the  store  orientation  rela- 
tive to  the  parent  aircraft  while  measuring  the  forces  and  moments  in  order 
to  approximately  account  for  the  store  translational  motion  relative  to 
the  aircraft.  The  computer  program  also  does  this  during  the  force  and 
moment  calculation.  Thus,  if  a captive  store  trajectory  is  being  calcu- 
lated, the  next  step  in  the  program  is  to  put  the  store  back  to  its  correct 
orientation  and  call  subroutine  DIRCOS  in  order  to  calculate  the  free- 
flight  direction  cosines  between  the  store  body  coordinate  system  and  the 
inertial  coordinate  system  which  is  fixed  in  the  fuselage. 

The  next  series  of  steps  determines  the  store  translational  and 
rotational  accelerations.  This  involves  solving  the  set  of  six  simultaneous 
equations  given  by  equations  (11-16)  through  (11-18)  and  (11-41)  through 
(11-43)  of  Appendix  II  of  reference  1 making  use  of  the  relationships 
given  in  section  6.1  of  that  reference.  The  coefficient  matrix  is  first 
calculated  and  then  the  right-hand  sides  are  determined.  Subroutine 
INVERS  is  called  to  solve  the  set  of  six  equations  for  the  accelerations. 

The  rates  of  change  of  the  orientation  angles  are  next  determined  from 
equation  (II-l)  of  Appendix  II  of  reference  1. 

A check  is  next  made  to  see  if  output  is  to  be  printed  at  the  end  of 
an  integration  step.  If  output  is  not  required  the  integration  continues 
by  calling  subroutine  ADAMS.  If  it  is  required,  subroutine  OUTPUT  is 
called.  Upon  return  from  this  subroutine  a check  is  made  to  see  if  the 
time  is  equal  to  the  final  time  which  was  read  in  and  if  so,  the  trajectory 
is  stopped  and  control  returns  to  the  beginning  to  read  in  a new  set  of 
data.  If  it  is  not,  the  integration  is  continued. 


18 


4.2  Input  Data 
4.2.1  Input  format 

The  format  for  the  input  data  for  the  trajectory  program  is  shown  in 
figure  12.  Three  lines  of  information  are  shown  for  each  item.  The  first 
line  gives  the  program  variable  names,  the  second  line  shows  the  card 
column  fields  into  which  the  data  are  to  be  punched,  and  the  third  line 
shows  the  FORTRAN  format  type.  Data  punched  in  I and  E formats  are  right 
justified  in  the  fields  whereas  data  in  F format  can  be  punched  anywhere 
in  the  field.  A decimal  point  should  be  included  in  both  E-  and  F-type 
data . 

Item  number  1 is  an  index  NCARDS  which  indicates  how  many  cards  of 
information  are  to  follow  to  identify  the  run,  item  number  2.  The  value 
of  NCARDS  must  be  one  or  greater. 

Item  number  2 is  a set  of  NCARDS  cards  containing  hollerith  informa- 
tion identifying  the  run  and  may  start  and  end  anywhere  on  the  card.  The 
cards  are  reproduced  in  the  output  just  as  they  are  read  in. 

Item  number  3 consists  of  one  card  and  contains  the  following  informa- 
tion: 

ALFAC  fuselage  angle  of  attack,  degrees 

GAMF  fuselage  flight  path  angle,  degrees 

FMACH  Mach  number 

RHO  air  density  at  flight  altitude,  slugs  per  cubic  foot 

VINF  aircraft  free-stream  velocity,  feet  per  second 

The  aircraft  is  assumed  to  be  flying  in  a straight  line;  however,  it  can 
be  climbing  or  diving.  For  climbing  flight,  GAMF  is  positive.  The  Mach 
number,  FMACH,  is  used  in  the  compressibility  correction.  For  low  flight 
velocities  where  compressibility  can  be  ignored,  it  can  be  input  as  zero. 
FMACH  should  be  the  same  as  that  used  in  calculating  the  source  distribu- 
tions to  be  input  later. 
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Item  number  4 contains  four  indices  which  specify  what  aircraft 
components  are  present.  They  are 


NFU 

fuselage?  NFU  =0,  no 
NFU  = 1,  yes 

NPY 

pylon? 

NPY  = 0,  no 
NPY  = 1,  yes 

NRACK 

rack? 

NRACK  = 0,  no 
NRACK  = 1,  yes 

NSTRS 

number 

of  stores;  0 <[_  NSTRS  <[_  10 

Provision  has  been  made  for  omitting  the  fuselage  since  for  trajectories 
of  stores  dropped  from  near  the  wing  tip  the  fuselage  probably  has  a 
negligible  influence.  For  cases  with  no  fuselage  the  reference  coordinate 
system  is  fixed  at  the  wing  root-chord  leading  edge  and  ALFAC  and  GAMF 
of  item  3 should  be  the  wing  angle  of  attack  and  flight  path  angle, 
respectively.  If  a rack  is  present,  NRACK  - 1,  the  pylon  to  which  it  is 
attached  must  also  be  present,  NPY  » 1.  The  number  of  stores  can  be  zero. 
This  allows  the  input  data  deck  through  item  25  to  be  checked  out  without 
running  a trajectory.  In  addition  the  program  can  also  be  used  as  an 
aid  in  determining  the  points  on  the  wing  and  pylon  at  which  the  slopes 
of  the  camberline  and  the  thickness  distribution  are  to  be  input. 

Item  number  5 consists  of  two  quantities  which  are 

FLTHC  length  of  actual  fuselage,  feet 

FRMAX  maximum  fuselage  radius,  feet 

This  item  and  the  next  three  are  omitted  if  NFU  = 0. 

Items  number  6,  7,  and  8 are  data  specifying  the  source  distribution 
for  the  equivalent  incompressible  fuselage  as  calculated  by  the  source 
distribution  program.  Item  number  6,  NFSOR,  specifies  the  number  of 
sources.  This  number  is  printed  at  the  top  of  page  3 of  the  source 
distribution  output,  see  for  example  figure  7(c).  Item  7,  the  FXL  array, 
and  item  8,  the  FSOR  array,  are  the  locations,  x/i,  and  the  dimensionless 
strengths,  Q*,  of  the  NFSOR  sources,  respectively.  These  quantities  are 
also  printed  on  page  3 of  the  source  distribution  program  output,  see  for 
example  figure  7(c).  Item  7 contains  all  of  the  x/i's  punched  six  to  a 
card  except  for  the  last  card  which  will  contain  less  if  NFSOR  is  not  a 
multiple  of  6.  Item  8 begins  on  a new  card  and  contains  the  Q*'s. 
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Item  number  9 contains  three  parameters  which  specify  the  wing  loca- 
tion relative  to  the  fuselage  nose  and  the  incidence  of  the  root  chord 
relative  to  the  fuselage  longitudinal  axis.  These  three  parameters  are 
shown  pictorially  in  figure  13  and  are 


XBWOC  xB  location  of  the  wing  root-chord  leading  edge,  feet 

ZBWO  Zg  location  of  the  wing  root-chord  leading  edge,  feet 

WIC  incidence  angle  of  wing  root  chord  measured  relative  to 

fuselage  axis,  degrees 

The  wing  root  chord  is  the  chord  obtained  by  extending  the  exposed  wing 
panel  to  the  fuselage  Xg,  zg  plane  of  symmetry.  All  three  quantities 
are  measured  on  the  actual,  not  the  equivalent  incompressible,  configura- 
tion. The  compressibility  correction  is  made  in  the  program.  in  the 
example  of  figure  13,  XBWOC  and  ZBWO  are  negative  and  WIC  is  positive. 

If  the  wing  were  below  the  fuselage  axis,  ZBWO  would  be  positive. 

Item  number  10  contains  two  quantities  which  are 


CRW  length  of  wing  root  chord,  feet 

SSPAN  wing  semispan,  feet 

Both  quantities  are  input  as  positive  quantities. 


Items  11  and  12  are  input  data  describing  the  left  wing  panel  which 
are  used  to  lay  out  the  wing  vortex  lattice.  The  quantities  are 


NOW 

MSW 

I 

Y(I) 

PSIWLE ( I) 
PSIWTE (I) 
PHID  (I) 


number  of  vortices  in  a chordwise  row  on  wing 

number  of  vortices  in  a spanwise  row  on  wing;  also  number 
of  thickness  strips  in  a spanwise  row  on  wing;  MSW  < 30 

wing  vortex  trailing  leg  number;  I = 1 to  MSW+1 

th 

Yy  location  of  I trailing  leg  on  the  left  wing  panel, 
feet  (zero  when  1=1,  negative  for  all  other  I's 
since  on  left  panel;  measured  in  wing  planform  plane) 

leading-edge  sweep  of  wing  section  to  the  right  of  the 
Itjl  trailing  leg,  degrees;  positive  swept  back 
(measured  in  wing  planform  plane) 

tailing-edge  sweep  of  wing  section  to  the  right  of  the 
Ith  trailing  leg,  degrees;  positive  swept  back 
(measured  in  wing  planform  plane) 

dihedral  angle  of  wing  section  to  the  right  of  the  Ith 
trailing  leg,  degrees;  positive  up 
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Based  on  these  input  data,  the  wing  is  divided  chordwise  and  spanwise 
into  trapezoidal  shaped  elemental  panels  and  one  horseshoe  vortex  placed 
on  each  panel.  All  the  NCW  panels  in  a chordwise  row  have  equal  chords 
and  spans,  the  spans  being  determined  by  the  Y(I) 's.  The  horseshoe  vortex 
is  made  up  of  three  vortex  lines;  a bound  vortex  which  is  swept  to  coin- 
cide with  the  quarter  chord  of  the  panel  and  two  trailing  vortex  legs 
which  lie  along  the  edges  of  the  panel  and  extend  to  infinity  behind  the 
wing. 

The  question  arises  as  to  the  values  to  use  for  NCW  and  MSW.  This 
is  discussed  to  some  extent  in  section  4.3.2  of  reference  2 where  it  is 
shown  that  as  the  vertical  distance  from  the  wing  to  the  points  at  which 
the  velocity  field  is  to  be  calculated  decreases  additional  chordwise 
vortices  must  be  added  in  order  to  accurately  calculate  the  velocities. 

A procedure  which  can  be  used  is  to  locate  the  initial  position  of  the 
axis  of  the  store  whose  trajectory  is  to  be  calculated  relative  to  the 
wing  in  terms  of  a fraction  of  the  local  wing  chord,  that  is,  the  chord 
immediately  above  the  store,  and  use  the  following  table. 

z/c  NCW 

0.10  10 

.15  8 

.20  6 

.25  4 

The  number  of  vortices  in  a spanwise  row  is  controlled  to  some  extent 
by  the  wing.  A vortex  trailing  leg  must  coincide  with  the  root  chord  and 
each  break  in  leading-edge  sweep  angle,  trailing-edge  sweep  angle,  and 
dihedral  angle,  and  if  a pylon  is  present,  a trailing  leg  must  coincide  with 
the  spanwise  location  of  the  pylon.  One  must  also  coincide  with  the  wing 
tip.  Consider  the  example  wing  of  figure  14.  There  is  a break  in  trailing- 
edge  sweep  at  y s — -0.2,  a break  in  leading-edge  sweep  at  -0.4,  a pylon 
at  -0.6,  and  a break  in  dihedral  at  -0.7.  To  place  a trailing  leg  at 
each  of  these  positions  plus  the  wing  tip  and  the  root  chord  requires  five 
vortices  across  the  semispan.  This  is  the  minimum  number  which  can  be 
used  for  this  wing  and  may  or  may  not  be  sufficient.  Experience  with  the 
program  has  shown  that  in  some  cases  five  vortices  in  a spanwise  row  has 
given  good  results. 
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The  only  sure  way  of  determining  convergence  with  number  of  vortices, 
both  NCW  and  MSW,  is  to  examine  the  results  obtained  from  the  trajectory 
program.  One  of  the  quantities  output  by  the  program  is  the  normal-force 
distribution  on  the  separated  store.  If  this  distribution  is  smooth  then 
sufficient  vortices  are  probably  being  used.  If  not,  NCW  and  possibly 
MSW  should  be  increased.  For  a particular  wing  various  vortex  layouts 
should  be  tried  to  assure  convergence.  The  minimum  number  of  vortices, 
consistent  with  the  desired  accuracy,  should  be  used  in  order  to  minimize 
the  trajectory  calculation  time. 

The  maximum  number  of  vortices  that  can  be  placed  on  the  left  wing 
panel  and  pylon  is  100.  This  limit  is  imposed  by  dimension  statements 
in  the  computer  program. 

Item  number  12  consists  of  a deck  of  MSW+1  cards.  The  index  I is  the 
vortex  trailing  leg  number.  The  trailing  legs  are  numbered  from  the  root 
chord,  1=1,  to  the  tip,  I = MSW  + 1.  Associated  with  each  I are  the 
spanwise  location  of  the  trailing  leg,  Y(I),  the  sweep  angles  of  the  leading 
and  trailing  edges  of  the  wing  segment  to  the  right  of  the  trailing  leg, 
PSIWLE  (I)  and  PSIWTE(I),  and  the  dihedral  angle  of  the  section  to  the 
right,  PHID(I).  When  1=1  all  of  these  quantities  are  zero.  Note  that 
the  sweep  angles  are  measured  in  the  wing  planform  plane. 

The  two  indices  of  item  number  13  are  associated  with  the  wing  twist 
and  camber  distribution. 

NTAC  twist  and/or  camber?  NTAC  =0,  no 

NTAC  = 1,  yes 

NUN I if  wing  has  no  twist,  and  the  camber  distribution  is  similar 

at  all  spanwise  stations,  NUNI  = 1;  for  all  other  cases, 

NUN I = 0 (omit  if  NTAC  =0) 

If  NTAC  = 1,  item  number  14  is  included  in  the  input  data  deck.  These 
data  specify  the  wing  twist  and/or  camber  distribution  in  terms  of  the 
tangent  of  the  local  angle  of  attack  of  the  camberline  for  a wing  root- 
chord  angle  of  attack  of  zero  degrees.  The  function  of  the  index  NUNI  is 
explained  below 

ALPHAL(J)  tan  a.  of  the  wing  camberline  at  the  vortex  lattice 

control  points.  If  NUNI  = 1 only  data  for  the  chord- 
wise  row  adjacent  to  the  root  chord  are  input.  The 
first  value  is  for  the  control  point  nearest  the  leading 
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edge.  If  NUNI  = 0,  data  for  all  chordwise  rows  must 
be  input  starting  nearest  the  root  chord  and  working 
outboard.  Data  for  each  row  start  on  a new  card 
(omit  if  NTAC  = 0) 

The  vortex  lattice  control  points  are  at  the  midspan  of  the  three-quarter 
chord  line  of  each  elemental  panel  laid  out  by  NCW,  MSW,  and  the  Y(I) 's 
of  items  11  and  12. 

The  values  of  ALPHAL(J)  are  obtained  as  follows.  Consider  the 
following  sketch 


which  shows  the  cambered  and  twisted  section  of  the  lifting  surface  at 
some  spanwise  station  for  zero  wing  angle  of  attack.  At  the  control  point 
P3  a tangent  to  the  surface  is  constructed,  which  makes  an  angle  a ^ with 

the  root  chord  (the  x axis).  The  positive  sense  of  a 0 is  shown. 

w jo 

The  input  value  required  is  ALPHAL(.J)  = tan  a For  wings  which  have  the 
same  camber  distribution  at  all  spanwise  stations  and  no  twist,  NUNI  = 1, 
data  are  only  input  for  the  row  of  control  points  closest  to  the  root 
chord.  The  program  assigns  these  values  to  all  other  rows. 

The  two  indices  of  item  number  15  are  associated  with  the  specification 
of  the  wing  thickness  distribution.  They  are 

NCWS  number  of  thickness  panels  in  a chordwise  row  on  the  wing; 

(NCWS  *MSW)  < 400 

NUNIS  if  wing  has  a similar  thickness  distribution  at  all  span- 
wise  stations,  NUNIS  =1;  if  not,  NUNIS  = 0 

The  thickness  panels  are  also  trapezoidal  in  shape.  The  span  of  each 
chordwise  strip  is  the  same  as  the  corresponding  row  of  horseshoe  vortices. 
Each  of  these  chordwise  strips  is  divided  into  NCWS  equal  chord  panels. 
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Considerably  more  thickness  panels  should  be  used  in  a chordwise  row  than 
were  vortices.  Experience  with  the  program  has  shown  16  to  20  thickness 
panels  usually  to  be  sufficient.  Again,  this  can  only  be  checked  by 
varying  the  number  and  examining  the  resulting  store  load  distributions 
and  the  minimum  number,  consistent  with  the  desired  accuracy,  should 
be  used  to  minimize  the  trajectory  calculation  time. 

The  data  contained  in  item  number  16  are 

THETAL(J)  slope  of  the  wing  thickness  distribution  at  the  centers 

of  the  thickness  panels.  If  NUNIS  = 1 only  data  for 
the  chordwise  row  adjacent  to  the  root  chord  are  input. 
The  first  value  is  for  the  panel  at  the  leading  edge. 

If  NUNIS  = 0,  data  for  all  chordwise  rows  must  be 
input  starting  at  the  root  chord  and  working  outboard. 
Data  for  each  row  start  on  a new  card. 

Note  that  the  values  of  the  thickness  slopes  are  input  for  the  center  of 
each  panel,  that  is,  the  midspan  of  the  50-percent  chord.  Also,  for  wings 
with  similar  distributions  at  all  spanwise  station,  NUNIS  = 1,  data  are 
only  input  for  the  row  of  panels  adjacent  to  the  root  chord.  The  program 
assigns  these  values  to  all  other  rows. 

The  values  of  THETAL(J)  are  obtained  as  follows.  Consider  the 
following  sketch 


Thickness 

envelope 


-Mean  camber 
surface 


Tangent  to  thickness 
envelope  at  point  P 


which  shows  the  thickness  envelope  at  a spanwise  station  where  the  slopes 
are  to  be  determined.  At  a point  P at  which  the  slope  is  required,  a 
tangent  to  the  surface  of  the  thickness  envelope  is  constructed  which 
makes  an  angle  6 with  the  line  connecting  the  leading  and  trailing  edges 
of  the  envelope.  The  input  value  required  is  THETAL(J)  = tan  6.  Forward 
of  the  point  of  maximum  thickness  6 is  positive  and  aft  of  this  point  it 
is  negative. 
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The  next  five  items  of  input  data,  items  17  through  21,  are  associated 
with  the  pylon  if  one  is  present,  NPY  = 1.  Item  number  17  consists  of  one 
card  and  contains  the  following  quantities 


IP 

PSIPLE 

PS I PTE 

CRP 

H 

XPLE 


index  of  the  y location  of  the  pylon.  This  must  be  one 
of  the  Y (I) 1 swread  in  for  the  wing  vortex  lattice 

sweep  angle  of  the  pylon  leading  edge  in  the  wing  coordinate 
system,  degrees.  Positive  sweep  is  swept  back. 

sweep  angle  of  the  pylon  trailing  edge  in  the  wing  coordinate 
system,  degrees.  Positive  sweep  is  swept  back. 

length  of  pylon  root  chord,  feet 

height  of  pylon  measured  from  wing  chordal  plane,  feet 

location  of  pylon  root  chord  leading  edge  measured  from 
local  wing  chord  leading  edge,  feet  (negative  behind) 


The  pylon  location  can  be  under  the  fuselage,  IP  = 1,  or  at  one  of  the  wing 
vortex  trailing  leg  locations  outboard  of  the  wing  fuselage  juncture.  The 
remaining  five  items  are  shown  in  figure  15  for  the  two  cases. 

The  next  two  items  of  input  data  are  associated  with  the  vortex 
lattice  which  represents  the  pylon  loading.  Item  number  18  is  one  card 
and  contains 

NCP  number  of  vortices  in  a chordwise  row  on  the  pylon; 

(NCP*MSP)  30 

MSP  number  of  vortices  in  a spanwise  row  on  pylon;  also  number 

of  thickness  strips  in  a spanwise  row  on  the  pylon; 

MSP  £ 4 

For  a typical  pylon,  two  or  three  vortices  in  a spanwise  row  are  suffi- 
cient, MSP  = 2 or  3.  The  number  chordwise,  NCP,  depends  on  the  length  of 
the  pylon  root  chord.  The  chordwise  dimensions  of  the  trapezoidal  shaped 
area  elements  on  the  pylon  should  be  approximately  the  same  as  those  on 
the  wing  immediately  above  the  pylon.  That  is,  the  local  wing  chord  length 
divided  by  NCW  of  item  11  should  be  approximately  equal  to  the  pylon  root 
chord  length  divided  by  NCP. 

The  program  is  limited  to  100  vortices  on  the  wing-pylon  combination. 

Thus 


NCW*MSW  + NCP*MSP  £ 100 
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Item  number  19  consists  of  a deck  of  MSP+1  cards  which  contain  the 
following  information 

K pylon  vortex  trailing  leg  number;  K = 1 to  MSP+1 

Z (K)  z location  of  the  K trailing  leg,  feet;  measured  from 

local  wing  chord 

The  first  trailing  leg  should  be  placed  on  the  pylon  root  chord  and  the  last 
on  the  tip  chord.  The  remaining  trailing  legs  should  be  equally  spaced 
between  these  two.  For  a pylon  located  under  the  fuselage,  figure  15(a), 
Z(l)  should  be  the  location  of  the  pylon  root  chord,  the  bottom  of 

the  fuselage,  and  Z (MSP+1)  should  equal  Z(l)  + H.  For  a pylon  under  the 
wing,  Z ( 1 ) =0  and  Z (MSP+1)  = H. 

Items  20  and  21  provide  data  required  in  order  to  model  the  pylon 
thickness  distribution.  The  data  are 


number  of  thickness  panels  in  a chordwise  row  on  the 
pylon ; (NCPS*MSP)  £ 180 

if  pylon  has  a similar  thickness  distribution  at  all 
spanwise  stations,  NUNIP  = 1;  if  not,  NUNIP  = 0 

slope  of  the  pylon  thickness  distribution  at  the  centers 
of  the  thickness  panels.  If  NUNIP  = 1 only  data  for 
the  chordwise  row  adjacent  to  the  root  chord  are  input. 
The  first  value  is  for  the  panel  at  the  leading  edge. 

If  NUNIP  = 0,  data  for  all  chordwise  rows  must  be  input 
starting  at  the  root  chord  and  working  outboard.  Data 
for  each  row  start  on  a new  card. 

These  data  are  prepared  in  the  same  manner  as  were  the  corresponding  data 
for  the  wing  thickness,  items  15  and  16. 

The  next  four  items  of  input  data  locate  and  describe  the  ejection 
rack  if  one  is  present,  NRACK  of  item  4 is  equal  to  one.  If  NRACK  = 0 
these  four  items  are  bypassed.  If  a rack  is  present  the  preceding  data 
for  the  pylon  must  have  been  input  since  the  program  has  been  written 
assuming  that  if  there  is  a rack  there  also  is  a pylon.  The  rack  data 
to  be  input  only  model  the  body  of  the  rack.  No  provision  has  been  made 
in  the  program  for  modeling  the  short  pylons  on  which  the  stores  are 
mounted . 


NCPS 
NUNIP 
THETPL ( J) 
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Item  number  22  is  one  card  and  contains  the  following  information 


RLTHC  length  of  rack,  feet 

RRMAX  maximum  rack  radius,  feet 

XRNC  x»  location  of  rack  nose  measured  from  local  wing  chord 

leading  edge,  feet;  positive  ahead 

Zrn  z £ location  of  rack  nose  measured  from  local  wing  chord 

leading  edge,  feet;  positive  below 

RIC  rack  incidence  angle  measured  relative  to  wing  root  chord, 

degrees;  positive  nose  up 

Items  number  23,  24,  and  25  are  data  specifying  the  source  distribu- 
tion for  the  equivalent  incompressible  rack  as  calculated  by  the  source 
distribution  program. 

NRSOR  number  of  rack  sources;  NRSOR  <£_  100 

RXL(J)  incompressible  {x/Z) ' s of  the  rack  sources 

RSOR(J)  incompressible  dimensionless  rack  source  strengths 

Item  number  23,  NRSOR,  specifies  the  number  of  sources.  This  number 
is  printed  at  the  top  of  page  3 of  the  source  distribution  output,  see  for 
example  figure  9(c).  Item  24,  the  RXL  array,  and  item  25,  the  RSOR  array, 
are  the  locations,  x/J,  and  the  dimensionless  strengths,  Q*,  of  the  NRSOR 
sources,  respectively.  These  quantities  are  also  printed  on  page  3 of  the 
source  distribution  program  output,  see  for  example  figure  9(c).  Item  24 
contains  all  of  the  x/f's  punched  six  to  a card  except  for  the  last  card 
which  will  contain  less  if  NRSOR  is  not  a multiple  of  6.  Item  25  begins 
on  a new  card  and  contains  the  Q*'s. 

If  no  stores  are  present,  NSTRS  of  item  4 is  equal  to  zero,  this 
concludes  the  input  data  deck.  If  NSTRS  is  not  zero,  then  the  next  five 
items  of  input  data  describe  all  stores  present  on  the  aircraft  including 
the  store  to  be  separated.  The  store  to  be  separated  must  be  under  the 
fuselage  centerline  or  to  the  left  of  this  line  as  seen  by  the  pilot. 

Data  should  be  input  for  all  stores  which  are  close  enough  to  affect  the 
trajectory  including  those  under  the  right  wing  panel. 
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Item  number  26  is  a deck  of  NSTRS  cards  which  contain  the  following 


information . 

NUMSTR(J) 

store  number;  different  for  each  store  and  < 99 

NSHAPE(J) 

shape  number  of  store;  < 99 

SLTHC ( J) 

length  of  store,  feet 

SRMAX (J) 

maximum  radius  of  store,  feet 

XSNC (J) 

x/7  location  of  store  nose  measured  from  wing  chord 
leading  edge  immediately  above  store,  feet;  positive 
ahead 

YSN(J) 

yw  location  of  store  nose  measured  from  wing  root  chord, 
feet;  positive  to  the  right 

ZSN(J) 

zn  location  of  store  nose  measured  from  wing  chord 
leading  edge  immediately  above  store,  feet;  positive 
below 

SIC ( J) 

store  incidence  angle  measured  relative  to  wing  root 
chord,  degrees;  positive  nose  up 

The  numbers  of  the  stores  do  not  have  to  be  consecutive  and  can  have  any 
value  from  1 to  99.  The  same  applies  to  the  shape  numbers  except  that 
more  than  one  store  can  have  the  same  shape  number.  For  example,  for  a 
MER  grouping  of  six  identical  stores,  different  store  numbers  would  be 


assigned  to  each 

store  but  they  would  all  have  the  same  shape  number. 

Item  number 

27  is  one  card  which  contains 

NSHPT 

total  number  of  shapes  for  which  store  source  distribu- 
tions are  to  be  input;  equal  to  the  number  of  different 
values  of  NSHAPE(J) 

Items  28,  29,  and  30  are  the  source  distribution  data  for  a particular 
store  shape.  These  three  items  are  repeated  in  sequence  for  each  different 


shape.  The  data 

are 

MS HA PE 

shape  number  of  store  represented  by  the  following  source 
distribution;  equal  to  one  of  the  values  of  NSHAPE(J) 

MS  OR 

number  of  sources  for  this  store  shape;  MSOR  £ 100 

DUMX(J) 

incompressible  (x/i) 1 s of  the  store  sources 

DUMQ(J) 

incompressible  dimensionless  store  source  strengths 

29 


The  quantity  MSHAPE  must  have  the  same  value  as  one  of  the  shape  numbers 
read  into  the  NSHAPE(J)  array,  item  26.  The  remaining  quantities 
specify  the  source  distribution  for  the  equivalent  incompressible  store  as 
calculated  by  the  source  distribution  program.  The  quantity  MSOR  specifies 
the  number  of  sources.  This  number  is  printed  at  the  top  of  page  3 of  the 
source  distribution  output,  see  for  example  figure  6(c) . Item  29,  the 
DUMX  array,  and  item  30,  the  DUMQ  array,  are  the  locations,  x/i,  and  the 
dimensionless  strengths,  Q*,  of  the  MSOR  sources,  respectively.  These 
quantities  are  also  printed  on  page  3 of  the  source  distribution  program 
output,  see  for  example  figure  6(c) . Item  29  contains  all  of  the  x/ i ' s 
punched  six  to  a card  except  for  the  last  card  which  will  contain  less  if 
MSOR  is  not  a multiple  of  6.  Item  30  begins  on  a new  card  and  contains 
the  Q* 1 s . The  quantity  MSOR  and  the  DUMX  and  DUMQ  arrays  are  temporary 
storage  for  the  source  distribution.  Immediately  after  reading  in  all 
data  for  one  distribution  these  data  are  transferred  to  other  arrays  for 
each  store  with  this  shape. 

The  remainder  of  the  input  data  deck  is  additional  data  required  to 
describe  the  store  being  separated  and  other  data  required  for  the  force 
and  moment  and  trajectory  calculations. 

Item  number  31  is  one  card  which  contains  eight  indices.  They  are 

NEJECT  number  of  the  store  being  separated 

NSEG  number  of  equal  length  segments  the  body  is  to  be  broken 

into  for  the  force  calculation;  NSEG  < 40 

NSEGXO  number  of  body  segments  to  the  flow  separation  location 

NGAM  trajectory  to  simulate  wind-tunnel  captive-store 

trajectory?  NGAM  = 0,  no 
NGAM  = 1 , ye  s 

NPOLY  number  of  polynomials  specifying  store  shape;  1 £ NPOLY  7 

NROLL  rolling  moment  to  be  calculated? 

NROLL  = 0,  no 
NROLL  = 1,  yes 

NEMP  empennage  present? 

NEMP  = 0,  no 
NEMP  = 1 , yes 

NDAMP  damping  to  be  included  in  force  calculation? 

NDAMP  = 0,  no 
NDAMP  = 1,  yes 
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The  index  NEJECT  must  be  one  of  the  store  numbers  that  was  read  into  the 
NUMSTR  array  through  item  26. 

In  the  store  body  force  and  moment  calculation,  the  body  is  divided 
into  NSEG  equal  length  segments.  Experience  in  using  the  program  has  shown 
that  20  body  segments,  NSEG  = 20,  usually  yields  sufficiently  accurate 
forces  and  moments.  This  can  only  be  checked  for  a specific  case  by 
varying  NSEG  and  comparing  results.  To  minimize  calculation  time  NSEG  should 
be  kept  as  small  as  possible. 

No  definite  rules  for  the  selection  of  a value  of  NSEGXO  can  be  given. 
For  stores  with  cylindrical  afterbodies  NSEGXO  should  probably  be  input  as 
NSEG.  For  stores  with  boattailed  afterbodies  NSEGXO  should  probably  be  less 
than  NSEG.  A further  discussion  is  given  in  sections  6.2  and  8.2  of 
reference  2.  In  that  discussion  the  work  of  Hopkins  (ref.  3)  is  mentioned. 

In  this  work  he  correlated,  for  bodies  of  revolution  in  uniform  flow,  the 
maximum  extent  of  applicability  of  potential  flow  as  a function  of  the  loca- 
tion  of  the  maximum  negative  rate  of  change  of  body  cross-sectional  area. 

From  that  reference 


xo  x 

— = 0.378  + 0.527  ~ 

where  xQ/ £ is  the  location  on  the  body  where  potential  flow  is  no  longer 
applicable  and  viscous  forces  are  important  and  x^/ f is  the  location  on 
the  body  of  the  maximum  negative  rate  of  change  of  cross-sectional  area 
(i  is  the  body  length).  Whether  or  not  this  correlation  applies  to  non- 
uniform  flow  is  not  known  but  it  can  be  used  in  estimating  the  value  of 
NSEGXO. 

The  index  NGAM  is  included  as  input  solely  for  the  purpose  of  allowing 
the  program  to  be  used  to  compare  with  captive  store  data  obtained  in  the 
wind  tunnel.  Since  the  wind  tunnel  cannot  produce  a flow  where  the  store 
sees  a free-stream  velocity  coming  from  a different  direction  than  that 
seen  by  the  parent  aircraft  the  captive  store  case  must  be  handled  differ- 
ently by  the  computer  program. 

The  number  of  polynomials  specifying  the  store  shape,  NPOLY , is  the 
number  required  to  specify  the  shape  from  the  store  nose  to  its  base.  These 
polynomials  are  used  in  the  force  and  moment  calculation  and,  hence,  do  not 
hsve  to  model  the  wake  in  the  manner  done  in  the  source  distribution 
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calculation.  The  polynomials  are  of  the  same  form,  however,  and  are  given 
by  equation  (1) . 

The  next  index,  NROLL,  indicates  whether  or  not  the  rolling  moment 
for  a store  with  an  empennage  is  to  be  calculated.  NEMP  specifies  whether 
there  is  an  empennage.  The  last  index,  NDAMP,  is  used  by  the  program  to 
determine  whether  or  not  aerodynamic  damping  in  pitch,  yaw,  and  roll  is  to 
be  included  in  the  force  and  moment  calculation. 


Item  number  32  is  one  card  and  specifies  the  store  mass  and  inertia 
characteristics.  The  quantities  are 


SMASS 

store 

j mass,  slugs 

FIXX 

I 

XX 

moment  of  inertia, 

slug-ft2 

FIYY 

I 

yy 

moment  of  inertia, 

slug-ft2 

FIZZ 

i 

moment  of  inertia, 

slug-ft2 

zz 

FIYZ 

i 

yz 

product  of  inertia, 

slug-ft2 

FIXZ 

I 

xz 

product  of  inertia, 

slug-ft2 

FIXY 

I 

xy 

product  of  inertia, 

slug-ft2 

The  equations 

defining 

the  moments  and  products  of 

equation  (11-36)  of  Appendix  II  of  reference  1. 


The  one  card  of  item  number  33  contains 

XMOM  location  along  store  axis  about  which  the  pitching  and 

yawing  moments  are  to  be  taken,  negative  behind  nose, 
feet;  same  point  about  which  moments  of  inertia  are 
taken 

XBAR  x location  of  store  c.g.  measured  from  moment  center, 

feet;  positive  forward 

YBAR  y location  of  store  c.g.  measured  from  store  axis,  feet; 

positive  to  the  right 

ZBAR  z location  of  store  c.g.  measured  from  store  axis,  feet; 

positive  below 

The  next  two  items  of  input,  items  34  and  35  describe  the  shape  of  the 
ejected  store.  The  quantities  contained  on  the  cards  are 

XEND(J)  x/i  of  end  points  of  polynomials  specifying  shape  of 

ejected  store,  NPOLY  values 

COEF ( J , K)  coefficients  of  polynomials  specifying  shape 
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These  data  are  the  same  data  input  as  items  4 and  5 to  the  source  distri- 
bution, see  figure  3,  with  one  exception.  This  exception  is  that  the 
shape  is  only  required  in  the  range  0 <^_  x/ £ < 1 since  no  load  is  carried 
by  the  wake  which  was  modeled  in  obtaining  the  source  distribution.  The 
preparation  of  these  data  is  described  in  section  3.2.1. 

Item  number  36  contains  two  quantities  which  are 

CA  store  axial-force  coefficient;  reference  area  is  store 

maximum  cross-sectional  area 

CD C crossflow-drag  coefficient 

The  store  axial-force  coefficient  is  not  calculated  by  the  computer 
program  so  it  is  required  input.  The  crossflow-drag  coefficient  is  used 
in  the  viscous  crossflow  force  and  moment  calculation  which  is  used  in 
place  of  the  slender-body  calculation  behind  the  assumed  separation  loca- 
tion. It  is  defined  as  the  section  drag  coefficient  of  a circular  cylinder 
normal  to  the  airstream.  That  is, 


CDC 


_ drag  per  unit  length 

<a»<2r> 


where  q^  is  the  free-stream  dynamic  pressure  and  r is  the  cylinder 
radius.  The  value  commonly  used  for  this  parameter  is  1.2. 

The  next  two  items  of  input  data  are  included  in  the  input  data  deck 
if  an  empennage  is  present,  NEMP  =1  in  item  31.  Item  37  contains 

IPLNR  IPLNR  = 0,  cruciform  empennage 

IPLNR  = 1,  planar  empennage 

MSF  number  of  spanwise  control  points  on  each  fin;  must  be 

odd  and  5 < MSF  <£  11. 

It  should  be  noted  that  MSF  must  be  odd  and  in  the  range  5 MSF  <^_  11. 

For  the  store  shown  in  figure  5(d)  MSF  = 5 has  been  found  to  give 
accurate  results.  The  larger  the  fin  span  to  body  radius  ratio,  the  more 
points  required. 

The  next  card,  item  number  38,  contains 

XTAIL  x location  at  which  empennage  forces  are  to  act  measured 

from  store  nose,  feet;  negative  number 

RADAV  average  store  body  radius  in  empennage  region,  feet; 

positive  number 
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FINSS  tail  fin  semispan,  measured  from  body  longitudinal  axis, 

feet;  positive  number 

PHIROL  initial  fin  orientation,  degrees;  0 <^_  PHIROL  90; 

PHIROL  = 0 if  fins  vertical  and  horizontal 

CLALPH  lift-curve  slope  of  two  exposed  panels  joined  together, 

per  radian;  reference  area  is  store  maximum  cross- 
sectional  area 

The  location  at  which  the  empennage  forces  are  assumed  to  act,  XTAIL,  is 
arbitrary.  A good  position  to  use  is  the  quarter  chord  of  the  mean 
aerodynamic  chord  of  the  exposed  panels.  The  lift-curve  slope,  CLALPH, 
can  be  estimated  using  reference  4. 

Item  number  39  is  one  card  which  contains  the  initial  velocities  of 
the  store  relative  to  the  parent  aircraft  such  as  might  exist  at  the  end 
of  the  ejection  stroke  of  a store  released  from  a pylon  or  rack.  The  two 
quantities  are 

VZERO  store  downward  ejection  velocity  perpendicular  to  store 

longitudinal  axis,  ft/sec 

VA  R ( 5 ) store  initial  pitching  rate,  q,  radians/sec 

At  the  beginning  of  the  trajectory,  the  end  of  the  stroke,  the  store  is 
oriented  such  that  its  y-axis  is  parallel  to  the  yB  fuselage  axis  shown 
in  figure  13.  Thus  the  x,z  store  plane  is  parallel  to  the  XB>ZB 

fuselage  plane  and  the  initial  translational  velocity  of  the  store,  VZERO, 

is  in  the  x,z  store  plane  perpendicular  to  the  store  x-axis.  The 
initial  pitching  rate  of  the  store,  q or  VAR(5),  is  about  the  store 
y-axis  positive  nose  up. 

The  next  card,  item  number  40,  contains  three  times.  They  are 
DTIME  integration  interval,  seconds 

TIMEI  initial  time,  seconds 

TIMEF  final  time,  seconds 

The  first,  DTIME,  is  an  initial  guess  at  the  integration  interval  to  be 
used  in  the  integration  subroutine.  Experience  in  using  the  program  has 
shown  that  0.05  or  0.10  seconds  is  a good  value  to  use.  The  initial  time, 

TIMEI,  must  be  input  as  0.0  unless  a trajectory  is  to  be  restarted  using 

the  last  page  of  output  from  a previous  run  to  obtain  the  initial  conditions. 
Then,  TIMEI  should  be  given  the  value  that  appears  on  that  page  of  output. 
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The  final  time,  TIMEF,  is  the  time  from  ejection  at  which  the  trajectory- 
calculation  is  to  be  terminated.  Except  for  very  unusual  trajectories, 
a value  of  0.5  to  0.7  seconds  is  normally  sufficient  for  the  store  to 
clear  the  aircraft. 

If  TIMEI  and  TIMEF  are  both  input  as  zero,  no  trajectory  calculation 
will  be  performed.  However,  the  store  load  distributions  and  forces  and 
moments  will  be  calculated  with  the  store  in  its  initial  position.  This 
feature  can  be  useful  in  checking  out  the  entire  input  data  deck  prior 
to  running  a trajectory  or  for  studying  store  loadings  at  specific  points. 

The  last  item  of  input,  item  number  41.  is  input  only  if  a trajectory 
is  being  restarted,  TIMEI  ^ 0.  This  item  consists  of  two  cards  with 
VAR ( 1 ) through  VAR(8)  on  the  first  card  and  VAR(9)  through  VAR(12)  on 
the  second.  The  following  table  gives  the  notation  used  to  identify 
VAR ( 1 ) through  VAR(12)  on  the  trajectory  program  output  which  will  be 
discussed  in  section  4.3. 


Program  Notation 


VAR(l) 
VAR  (2) 
VAR  ( 3 ) 
VAR  (4) 
VAR  (5) 
VAR  (6) 
VAR  ( 7 ) 
VAR  (8) 
VAR(  9) 
VAR  (10) 
VAR(ll) 
VAR  (12) 


4.2.2  Sample  input  data 


Output  Notation 


DXF,  ft/sec 
DYF,  ft/sec 
DZF,  ft/sec 

P,  radians/sec 

Q,  radians/sec 

R,  radians/sec 
XF  of  XMOM,  ft. 
YF  of  XMOM,  ft. 
ZF  of  XMOM,  ft. 
PSI,  degrees 
THETA,  degrees 
PHI,  degrees 


Sample  input  data  decks  for  two  cases  will  now  be  presented.  Both 
cases  will  utilize  the  wind-tunnel  model  components  shown  in  figure  5 
except  that  they  have  been  scaled  up  by  a factor  of  twenty  in  order  to 
approximate  a full-scale  aircraft  and  stores. 
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The  configuration  for  the  first  example  is  shown  in  figure  16.  It 
consists  of  the  wing-fuselage  combination  shown  in  figure  5(a)  with  the 
pylon  of  figure  5(b)  at  the  one-third  semispan  position  of  the  left  wing 
panel.  The  store  being  ejected  is  below  this  pylon  and  is  that  shown  in 
figure  5(d).  Its  initial  position  is  one  radius  below  the  carriage 
position.  The  cruciform  fins  are  rolled  45°  from  the  vertical  and  hori- 
zontal. Grouped  under  the  fuselage  are  three  of  the  stores  shown  in 
figure  5(e).  They  are  positioned  as  they  would  be  if  the  pylon  and  rack 
shown  in  figures  5(b)  and  5(c)  were  present.  The  store  which  may  exist 
under  the  right  wing  panel  has  not  been  included  since  it  is  so  far 
removed  from  the  store  being  ejected  that  it  would  not  influence  the 
trajectory. 

The  input  data  deck  for  this  case  is  tabulated  in  figure  17.  The 
item  numbers  indicated  on  the  figure  correspond  to  those  of  figure  12. 

The  first  item  on  figure  17  is  item  number  1 which  contains  the  value  of 
NCARDS,  in  this  case  13.  This  is  followed  by  item  number  2,  which  con- 
sists of  these  13  cards  of  identifying  information. 

Item  number  3 specifies  the  aircraft  flight  conditions.  The  angle 
of  attack  is  4.0  degrees,  the  flight  path  angle  is  0.0  degrees,  and  the 
Mach  number  is  0.4.  The  free-stream  air  density  is  0.0020482  slugs  per 
cubic  foot  which  corresponds  to  a flight  altitude  of  5,000  feet.  The 
flight  velocity  is  440.7  feet  per  second. 

The  aircraft  components  which  are  present  are  specified  by  item  4. 
There  is  a fuselage;  there  is  a pylon;  there  is  no  rack;  and  there  are 
4 stores. 

Items  5 through  8 are  the  fuselage  input  data.  Item  5 contains  the 
fuselage  length  and  maximum  radius  as  shown  in  figure  16.  Items  6,  7, 
and  8 contain  the  source  distribution  representing  the  fuselage  volume. 
These  data  were  obtained  from  figure  7 (c) . 

The  next  seven  items  are  the  wing  input  data.  Item  9 gives  the 
position  of  the  wing  root  chord  leading  edge  and  wing  incidence  relative 
to  the  fuselage  and  item  10  specifies  the  root  chord  length  and  the  semi- 
span. These  quantities  are  shown  in  figure  16.  Items  11  and  12  are  data 
required  by  the  program  to  lay  out  the  vortex  lattice.  There  are  to  be 
8 vortices  in  each  chordwise  row  and  5 of  these  rows  across  the  semispan. 
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This  requires  that  the  spanwise  locations  on  the  left  wing  panel  of  six 
trailing  legs  and  the  sweep  and  dihedral  angles  to  the  right  of  these 
points  be  specified.  These  data  are  contained  on  the  six  cards  of 
item  12.  Note  that  one  trailing  leg  coincides  with  the  pylon  location, 
y = -6.66667.  Item  13  indicates  that  the  wing  has  neither  twist  nor 
camber,  and  thus  item  14  of  figure  12  is  omitted  from  the  input  data 
deck.  Items  15  and  16  specify  the  wing  thickness  distribution.  The  two 
indices  on  item  15  indicate  that  16  thickness  panels  are  to  be  placed 
in  a chordwise  row  and  that  the  wing  has  a similar  thickness  distribution 
at  all  spanwise  stations.  Consequently,  item  16  consists  of  two  cards 
with  the  16  values  of  the  slope  of  the  thickness  distribution.  The 
airfoil  section  specification  is  shown  in  figure  5(a). 

Since  there  is  a pylon,  items  17  through  21  are  input  and  contain 
the  pylon  data.  The  pylon  is  the  one  shown  in  figure  5(b),  except  that 
it  has  been  scaled  up  by  a factor  of  20.  Item  17  of  the  input  data 
specifies  that  the  pylon  is  located  below  vortex  trailing  leg  number  3, 
the  leading-  and  trailing-edge  sweep  angles  are  0.0  degrees,  the  root 
chord  length  is  3.33333  feet,  the  height  is  1.652  feet,  and  the  leading 
edge  is  3.046  feet  behind  the  local  wing  chord  leading  edge  (see  fig.  16). 
Items  18  and  19  are  the  pylon  vortex  lattice  data.  There  are  to  be  two 
vortices  in  a chordwise  row  and  two  of  these  rows  spanwise.  The  three 
trailing  leg  locations  are  given  by  item  19.  Items  20  and  21  specify  the 
pylon  thickness  distribution.  There  are  to  be  60  thickness  panels  in  a 
chordwise  row  and  the  thickness  distribution  is  similar  at  all  spanwise 
stations.  The  large  number  of  panels  chordwise  is  necessitated  by  the 
thickness  distribution  of  the  pylon  shown  in  figure  5(b).  Since  the 
pylon  is  a flat  plate  with  a radius  on  the  leading  and  trailing  edges, 
a large  number  of  panels  is  required  if  any  leading-edge  and  trailing- 
edge  detail  is  to  be  included.  This  is  shown  by  the  thickness  envelope 
slope  data  of  item  21.  Sixty  equal  chord  panels  in  a chordwise  row  only 
places  four  panels  on  each  of  the  two  radii. 

Since  there  is  no  ejection  rack  in  the  case  shown  in  figure  16, 
items  22  through  25  are  omitted  from  the  input  data  deck. 

Item  26  begins  the  store  data.  One  card  is  input  for  each  store 
shown  in  figure  16.  The  wing  store  is  assigned  store  number  10  and  the 
TER  group  20,  21,  and  22,  20  being  the  bottom  store,  21  the  left  shoulder 
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store,  and  22  the  right  shoulder  store.  The  wing  store  is  assigned  shape 
number  2 and  the  TER  stores,  shape  number  5.  With  the  exception  of  the 
incidence  angle  of  the  stores,  which  is  0.0,  the  information  required  to 
prepare  the  remaining  data  in  item  26  are  shown  in  figure  16.  The  tra- 
jectory to  be  calculated  is  for  the  wing  store  and  is  to  be  started  with 
the  store  one  radius  below  the  carriage  position.  The  data  for  this  store 
locate  it  in  this  position.  Since  two  different  shape  numbers  were  assigned 
in  item  26,  two  different  source  distributions  are  to  be  input.  This  is 
indicated  in  item  27.  Items  28,  29,  and  30,  which  are  the  source  distri- 
butions, are  input  twice.  The  first  set  of  data  is  for  shape  2 and  is 
obtained  from  the  source  distribution  program  output  which  was  presented 
in  figure  6(c).  The  data  for  shape  5 are  from  figure  8(c). 

Item  31  contains  eight  indices  which  indicate  the  following.  Store 
number  10,  NEJECT  =10,  is  the  store  being  separated  and  the  body  is  to  be 
broken  into  20  segments,  NSEG  = 20,  for  the  force  and  moment  calculation 
with  flow  separation  occurring  at  the  base  of  the  store,  NSEGXO  = 20. 

In  addition,  a free-flight  trajectory  is  to  be  calculated,  NGAM  = 0; 
two  polynomials  are  to  be  input  describing  the  body  shape,  NPOLY  = 2; 
rolling  moment  is  to  be  calculated,  NROLL  = 1;  the  store  has  an  empennage, 
NEMP  = 1;  and  aerodynamic  damping  is  to  be  included,  NDAMP  = 1. 

Item  32  contains  the  mass  and  inertia  characteristics  of  the  separated 
store.  The  particular  numbers  used  in  this  example  have  been  assigned 
and  have  not  been  determined  by  specifying  a density  distribution  of  the 
store  and  performing  the  required  integrations.  Item  33  specifies  that  the 
inertia  characteristics  are  assumed  to  have  been  calculated  about  a point 
5.3125  feet  behind  the  store  nose  and  that  the  store  center  of  gravity 
is  not  offset  from  this  point. 

Items  34  and  35  contain  the  end  points  and  coefficients  of  the  poly- 
nomials describing  the  store  shape.  These  data  are  the  same  as  those 
used  in  the  source  distribution  calculation  for  this  shape  except  that 
a polynomial  for  the  wake  is  not  required  since  the  load  distributions  are 
not  calculated  on  the  wake.  The  last  end  point  could  have  been  1.0  rather 
than  1.1  as  shown. 

The  store  axial  force  coefficient,  0.4,  and  crossflow  drag  coeffi- 
cient, 0.0,  are  input  in  item  36.  A crossflow  drag  coefficient  is  not 
used  in  this  example  since  flow  separation  is  not  assumed  to  occur  ahead 
of  the  store  base. 
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Items  37  and  38  are  data  describing  the  store  empennage.  Item  37 
specifies  a cruciform  empennage  and  five  control  points  on  each  tail 
panel.  Item  38  indicates  that  the  empennage  forces  act  9.376  feet  behind 
the  store  nose,  the  body  radius  in  the  fin  region  is  0.625  feet,  the  fin 
semispan  is  1.45833  feet,  the  initial  fin  orientation  is  45°  from  the 
vertical  and  horizontal,  and  the  lift-curve  slope  is  3.22.  The  fin 
details  are  obtained  from  figure  5(d)  and  scaled  up  by  a factor  of  20. 

Item  39  specifies  an  initial  downward  translational  velocity  of  the 
store  of  10  feet  per  second  and  an  initial  pitching  rate  velocity  of  0.0. 

The  last  card  of  input,  item  40,  provides  a guess  at  the  integration 
interval  and  the  initial  and  final  times.  Since  the  initial  time  is  0.0, 
item  41  is  not  included. 

Input  data  have  been  prepared  for  a second  sample  trajectory  calcu- 
lation. The  configuration  is  shown  in  figure  18.  It  is  made  up  of  the 
model  components  shown  in  figure  5 which  again  have  been  scaled  up  by  a 
factor  of  20.  In  this  case  there  is  a pylon  with  a TER  under  the  fuselage 
centerline.  The  bottom  store  on  the  rack  is  being  ejected  with  its 
initial  position  one  radius  below  the  carriage  position.  In  this  case 
there  is  a store  under  each  wing  panel  since  they  will  each  have  an  equal 
effect  on  the  trajectory. 

The  input  data  deck  for  this  case  is  listed  in  figure  19.  An  item- 
by-item  description  of  this  deck  will  not  be  given.  With  the  detailed 
description  which  was  given  for  the  deck  of  figure  17,  the  program  user 
should  be  able  to  understand  the  preparation  of  the  deck  of  figure  19. 

The  major  differences  are 

(1)  The  pylon  is  under  the  fuselage. 

(2)  There  is  a TER  on  the  pylon. 

(3)  There  is  a store  under  the  right  wing  panel. 

(4)  The  separated  store  does  not  have  an  empennage. 
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4.3  Output  from  the  Program 
4.3.1  Sample  trajectory  - case  1 

Figure  20  presents  the  output  from  the  trajectory  program  for  sample 
case  1,  the  configuration  of  figure  16,  and  the  data  deck  of  figure  17. 

The  first  three  pages  of  output  are  self-explanatory  since  they 
tabulate  input  data  for  the  flight  conditions,  fuselage,  wing,  and  pylon. 
The  fourth  page  of  output,  figure  20(d),  tabulates  the  coordinates  of  the 
wing  and  pylon  vortex-lattice  control  points  along  with  the  input  values 
of  the  slope  of  the  wing  camberline  at  these  points.  The  x,y,z  coor- 
dinates are  in  the  wing  coordinate  system,  see  figure  14,  whose  origin 
is  at  the  leading  edge  of  the  wing  root  chord.  These  points  are  in  the 
wing  chordal  plane.  Thus,  for  wings  with  dihedral,  the  z-coordinate 
will  not  be  zero.  The  next  page  of  output,  figure  20(e),  tabulates  the 
input  values  of  the  slopes  of  the  thickness  distribution  for  all  chordwise 
rows  on  both  the  wing  and  pylon.  Figure  20(f)  lists  the  input  data 
describing  the  four  stores  present. 

Page  7 of  the  output,  figure  20(g),  is  another  page  of  output  per- 
taining to  the  wing-pylon  vortex  lattice.  The  x,y,z  coordinates  are 
the  same  as  those  tabulated  in  figure  20(d).  The  next  three  columns, 
U/VINF,  V/VINF,  and  W/VINF,  are  the  sums  of  the  dimensionless  perturbation 
velocities  in  the  x,  y,  and  z directions,  respectively,  induced  at  the 
control  points  by  all  of  the  other  aircraft  components.  These  include 
fuselage,  rack,  and  stores  as  well  as  wing  thickness  on  pylon  and  pylon 
thickness  on  wing.  VINF  is  the  free-stream  velocity.  The  last  column 
tabulates  the  strengths  of  the  horseshoe  vortices  divided  by  the  free- 
stream  velocity,  GAMMA/VINF,  which  were  determined  by  solving  the  set 
of  simultaneous  equations  given  by  equation  (6)  and  (7)  of  reference  1. 

Page  8 of  the  output,  figure  20(h),  indicates  the  number  of  the  store 
separated  and  tabulates  the  additional  data  which  were  read  in  to  describe 
this  store. 

The  last  three  parts  of  figure  20,  parts  i,  j,  and  k,  are  output  for 
three  points  in  the  trajectory,  the  first  point,  an  intermediate  point, 
and  the  point  at  which  the  trajectory  is  tenn inated . The  complete  output 
from  the  program  will  contain  a page  like  this  for  each  integration  step, 
in  this  case  every  0.05  seconds. 
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At  the  top  of  each  page  is  the  trajectory  time  in  seconds.  Following 
this,  the  forces  and  moments  are  tabulated,  components  as  well  as  totals, 
and  then  the  body  load  distributions  and  the  velocity  distributions  along 
the  store  axis  from  which  these  load  distributions  were  calculated.  The 
load  distributions  are  the  sums  of  those  due  to  buoyancy,  slender  body, 
and  viscous  crossflow.  The  velocity  field  calculation  is  discussed  in 
detail  in  section  5.1  of  reference  1 and  the  force  and  moment  calculation 
in  sections  5.2  and  5.3. 

The  following  table  relates  the  program  output  variables  to  the  xg, 
ys,zg  coordinate  system  and  positive  directions  shown  in  figure  21. 

Program  Notation  Notation  of  Figure  21 


CN 

CN 

CY 

CY 

CLM 

c 

m 

CLN 

C 

n 

CLL 

X,  FT 

x , feet 
s 5 

X/L 

x /£ 
s/  s 

DCN/DX 

dCl/dxs’  per  foot 

DCY/DX 

dCY/dxs,  per  foot 

U/VS 

U /V 
s/  00 

s 

V/VS 

V /V 

s 

W/VS 

W /V 
s 00 

As  the  store  pitches,  yaws,  and  rolls  during  the  trajectory,  the  s’Z s 

coordinate  system  pitches,  yaws,  and  rolls  with  it.  The  velocities  and 
forces  are  always  calculated  in  this  coordinate  system. 

The  remaining  quantities  tabulated  on  each  page  of  trajectory  output 
specify  the  store  location,  orientation,  velocities,  and  accelerations 
relative  to  the  parent  aircraft  at  that  particular  time.  Before  discussing 
these  quantities,  the  coordinate  systems  must  be  mentioned.  Figure  21 
shows  another  coordinate  system,  x,  y,  and  z,  which  is  fixed  in  the  store 
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and  moves  with  the  store  as  it  yaws,  pitches,  and  rolls.  The  origin  of 
this  system  is  fixed  at  the  store  moment  center.  This  coordinate  system 
is  also  shown  in  figure  22  along  with  another  system,  £,r\  ,£•  This  latter 
system  is  an  inertial  coordinate  system  whose  origin  is  fixed  in  the 
fuselage  nose  and  is  parallel  to  the  xB’yB’ZB  system  of  figure  13.  At 
any  point  in  time,  the  two  coordinate  systems  are  orientated  with  respect 
to  each  other  by  a system  of  angles.  The  system  of  angles  are  those  shown 
in  figure  22  and  consist  of  three  rotations  in  the  yaw,  ¥ , pitch,  G,  and 
roll,  $ sequence.  The  positive  sense  of  the  three  store  rotational 
velocities  about  the  x,y,z  axes  are  also  shown  in  the  figure. 

Following  the  load  and  velocity  distribution  output  on,  for  example, 
figure  20  ( j ) , the  location  of  the  store  in  the  fuselage,  or  inertial, 
coordinate  system  is  tabulated.  The  location  of  the  store  nose,  NOSE, 
moment  center,  XMOM,  and  base,  BASE,  are  tabulated  relative  to  the  fuse- 
lage nose  and  also  relative  to  the  position  of  the  store  at  time  t — 0. 

In  this  tabulation  XF  is  xB  of  figure  13  or  £ of  figure  22.  Likewise, 
YF  is  yB  or  r|  and  ZF  is  zg  or  £. 

The  next  output  are  the  translational  velocities  and  accelerations  of 
the  store  relative  to  the  moving  aircraft.  For  example, 

DXF  = "dF  or  It  > ft/sec 

d2xB  d2£ 

D2XF  = or  — * , ft/sec2 

dt2  dt2 

Next  the  rotational  velocities  shown  in  figure  22  are  listed  as  are  the 
rotational  accelerations.  The  notation  is 

P = p,  radians/sec 
Q = q,  radians/sec 
R = r,  radians/sec 

PDOT  = , radians/sec2 

at  7 

QDOT  = , radians/sec2 

RDOT  - ^ y radians/sec2 
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The  last  output  printed  at  each  integration  step  are  the  values  of 
the  three  orientation  angles  shown  in  figure  22  and  their  time  rates  of 
change.  The  notation  is 


PSI  = 

deg. 

THETA  = 

0, 

deg. 

PHI  = 

deg. 

DPSI  - 

dY 

dt 

, radians/sec 

D THETA  = 

d© 

dt 

, radians/sec 

DPHI  = 

d<B 

dt 

, radians/sec 

4.3.2  Sample  trajectory  - case  2 

The  output  for  the  second  sample  trajectory  are  presented  in 
figure  22.  This  case  was  shown  in  figure  18  with  the  input  data  deck 
listed  in  figure  19.  The  output  is  basically  in  the  same  format  as  that 
shown  in  figure  20  for  case  1 with  one  exception.  An  additional  page 
of  output  is  printed  which  tabulates  the  rack  input  data. 

5.  PROGRAM  RUNNING  TIMES 

The  programs  described  in  this  report  have  been  run  on  both  the 
Univac  1108  and  the  CDC  6600.  Because  of  machine  differences,  the 
running  times  vary  from  one  machine  to  the  other.  As  a conseguence,  only 
an  approximate  running  time  for  each  of  the  two  programs  can  be  given. 

On  any  machine  comparable  to  the  previously  mentioned,  the  source  distri- 
bution program  should  take  3 to  5 seconds  per  distribution. 

The  running  time  of  the  trajectory  program  is  a function  of  a number 
of  additional  factors,  some  of  which  are 

(a)  Number  of  sources  required  to  represent  the  bodies 

(b)  Number  of  stores  present 

(c)  Number  of  vortices  used  in  vorticity  distribution 

(d)  Number  of  thickness  panels  on  wing  and  pylon 

(e)  Number  of  body  segments  and  tail  fin  control  points  used  in 

force  and  moment  calculation 
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(f)  Integration  interval 

(g)  Real  time  duration  of  trajectory 

With  the  exception  of  (f)  above,  all  of  the  other  things  should  be  kept 
to  a minimum.  The  integration  routine  used  in  the  program  selects  the 
integration  interval  to  be  used  based  on  accuracy  requirements  which  are 
incorporated  in  the  program.  In  arriving  at  this  interval,  it  uses  the 
guess  which  was  input.  For  the  program  to  run  with  the  largest  interval, 
too  large  a guess  is  better  than  too  small.  For  the  two  sample  trajec- 
tories which  were  presented,  the  running  times  were  2 to  3 minutes  on 
the  CDC  6600  and  7 to  8 minutes  on  the  Univac  1108. 
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TABLE  I 


SMALL  BOATTAIL  STORE  COORDINATES 


Station, 

inches 

Rad ius , 
inches 

0 

0 

0.112 

0.067 

0.212 

0.108 

0.312 

0.139 

0.412 

0.161 

0.512 

0.180 

0.612 

0.195 

0.712 

0.209 

0.812 

0.222 

0.912 

0.232 

1.012 

0.241 

1.112 

0.248 

1.212 

0.254 

1.312 

0.258 

1.412 

0.262 

1.512 

0.265 

1.612 

0.266 

1.712 

0.267 

1.812 

0.267 

1.912 

0.268 

2.312 

0.268 

2.412 

0.266 

2.512 

0.264 

2.612 

0.259 

2.712 

0.254 

2.812 

0.248 

2.912 

0.241 

3.012 

0.234 

3.173 

0.222 

3.812 

0.175 

4.430 

i 

0.175 
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TABLE  II 


SUBROUTINES  USED  IN  S IX -DEG REE- OF -FREEDOM  TRAJECTORY  PROGRAM 


Subroutine 

Name 

Function 

ADAMS 

Numerical  integration  routine  to  integrate  differential 
equations 

CELl 

Calculates  complete  elliptic  integral  of  the  first  kind 

CEL2 

Calculates  complete  elliptic  integral  of  the  second  kind 

DIRCOS 

Calculates  direction  cosines  between  inertial  and  store 
body  coordinate  systems 

EL  11 

Calculates  generalized  elliptic  integral  of  the  first 
kind 

EL  1 2 

Calculates  generalized  elliptic  integral  of  the  second 
kind 

EMPFOR 

Calculates  store  empennage  forces  and  moments 

EMPINI 

Initializes  for  empennage  force  and  moment  calculation 

FORCE 

Calculates  the  store-body  forces  and  moments 

INFWW 

Calculates  velocities  induced  at  a field  point  by  a 
horseshoe  vortex 

INTOST 

Transforms  a vector  with  components  in  the  inertial 
coordinate  system  to  one  with  component  in  the  store 
body  coordinate  system 

INVERS 

Solves  a system  of  simultaneous  linear  algebraic 
equations 

OUTPUT 

Prints  forces,  moments,  load  distributions,  and 
trajectory  data  at  the  end  of  each  integration  step 

PTHIN  Reads  in  pylon  thickness  data  and  lays  out  thickness 


strips 

PVLIN 

Reads  in  pylon  vortex-lattice  data  and  lays  out  vortices 

SHAPE  Calculates  radius  and  surface  slope  at  a point  on 


separated  store  from  input  polynomials 

SIMS ON 

Performs  a Simpson  rule  integration 
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TABLE  II  (cone.) 


Subroutine 

Name  Function 


SOROUT 

Prints  an  input  source  distribution 

STRIO 

Reads  in  and  prints  out  data  for  all  stores  present 

STTOIN 

Transforms  a vector  with  components  in  the  store  body- 
coordinate  system  to  one  with  components  in  the 
inertial  coordinate  system 

THOUT 

Prints  wing  and  pylon  surface  slopes 

THPVEL 

Calculates  velocities  induced  at  a field  point  by  the 
pylon  thickness  distribution 

THWVEL 

Calculate  velocities  induced  at  a field  point  by  the 
wing  thickness  distribution 

VELFLD 

Calculates  velocities  induced  at  a field  point  by  all 
aircraft  components 

VELOC 

Calculates  velocities  at  a field  point  of  an  axisymmetric 
body 

VLCOEF 

Calculates  coefficient  matrix  of  set  of  equations  to  be 
solved  for  wing-pylon  vorticity  distribution 

VLIVEL 

Calculates  velocities  induced  at  a field  point  by  wing- 
pylon  vorticity  distribution  and  calls  THWVEL 
and  THPVEL 

VLOUT 

Prints  vortex  lattice  control  point  coordinates  and 
input  twist  and  camber  distribution 

VLRHS 

Calculates  right-hand  side  of  set  of  equations  to  be 
solved  for  wing-pylon  vorticity  distribution 

VS TOUT 

Prints  interference  velocities  at  vortex-lattice  control 
points  and  vortex  strengths 

WTHIN 

Reads  in  wing  thickness  data  and  lays  out  thickness 
strips 

WVLIN 

Reads  in  wing  vortex-lattice  data  and  lays  out  vortices 
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Figure  2.-  General  flow  chart  of  source 
distribution  program. 
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Figure  3.-  Source  distribution  program  input  format. 


2 

Obi  VE-C YLINuER  5TORE  W I TH  WAKE  MODELED  *I1H  SAMt  sHAPt  AS  NOSt 
CALCULATION  FOR  MACH  NUMbER  OF  0*4 


3 0.4 

0 • 2353 

1.0 

1.2353 

-0.4413 

0.05682 

-1.0 

0 • 4706 

0.1947 

1.0 

-0.4413 

-1.0 

2.0 

-U.7499 

1.0 

0.002 

1.23 

0.7 

(a) 

0.2353  0.01  1.23 

Ogive-cylinder  store. 

u.o? 

0.05682 

2 


FUSELAGE  WITH  WAKE  MODELED  BY 

CONTINUATION 

UF  AFTERBODY 

CALCULATION  FOR 

MACH  NUMbER  OF  0.4 

3 0.4 

0.32  0.7534 

1.175? 

-1.0975  -1.0 

0.64 

1.2045 

1.0 

0.0457 

-1.9237  -1.0 

1 • 50t>8 

3.3109 

1.0 

0.002  1.17 

1.0 

0.32 

0.01  1.17 

0.0? 

0.0467 

(b)  Fuselage. 


2 

SMALL  BOATTAILEU  STORE  WITH  CIRCULAk  ARC  USED  TO  MODEL  wAKE 
CALCULATION  FOR  MACH  NUMbER  OF  0.4 
7 0*4 


.0478 

.1301 

.3167 

.7162 

• 8363 

-0.20198 

-1.19U48 

0.27490 

0.04080 

-0.37945 

-1.19U48 

0.40120 

0.14655 

■70.50828 

-1.19048 

12.394464975.93316 

-1.98790 

-1.19048 

1.09634 

3 . 96l8o 

1.00320 

-1.19048 

1.99121 

0.10092 

0.03700 

-0.02172 

-1.19048 

2.38095 

-1.18702 

0.002 

1 • U4b 

0.7 

U . 4316 

U.Ul 

1.0 


1*03 


1.05 

1.0 

1.0 

1.0 

1.0 

-1.0 

1.0 

0.0? 


0.0605 


(c)  Small  boattail  store. 


2 

TER  RACK  WITH  WAKE  MODELED  bY  CONTINUATION  OF  AE TERBOUY 


CALCULATION  FOR  MACH  NUMbER  OF  0.4 

3 0.4 

0.24424 

0.69195 

1.02936 

-0.05421 

0.02646 

1.0 

0.05687 

-0.13691 

-1.0 

1.7639  -0.75602 

1.0 

0.002 

1.02 

0.6  0.24424  0.01  l.Ul 

0.0? 

0.05687 

(d)  Triple  ejection  rack. 

Figure 

4.-  Sample  input  data  for  source 

distribution  program. 
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Quarter 

chord 


Fuselage  Ordinates 


2.  77 


12.00 


13.4 


36,51 


o 

0.0328 

0.0657 

0.0986 

0.1315 

0.1643 

0.1972 

0.2301 

0.2629 

0.2958 

0.3200 

0.7534 

0.7669 

0.7998 

0.8326 

0.8655 

0.8984 

0.9313 

0.9641 

1.0000 


r/if 

0 

0.0091 

0.0171 

0.0241 

0.0300 

0.0350 

0.0390 

0.0421 

0.0443 

0.0453 

0.0457 

0.0457 

0.0454 

0.0438 

0.0418 

0.0395 

0.0372 

0.0349 

0.0326 

0.0302 


Wing  Airfoil 
Section 
NACA  65A006 


(a)  Wing- fuselage  combination. 

Figure  5.-  Wind-tunnel  models 
used  in  sample  calculations. 
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<L 

For  wing  pylons,  pylon  centerline  located  at 
40%  wing  chord . 

For  fuselage  pylon,  pylon  centerline  located 
19.43  inches  aft  of  fuselage  nose. 


(b)  Pylon  used  with  single  store 
and  TER  rack. 


Figure  5.-  Continued. 
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(c)  Details  of  TER  rack. 


.000 
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4.430 
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Figure  5.-  Concluded. 
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Figure  7.-  Fuselage  source  distribution  output. 
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Figure  8.-  Small  boattail  store  source  distribution  output 
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Figure  9.-  Triple  ejector  rack  source  distribution  output. 
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Figure  10.-  Continued 
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Figure  10.-  Continued. 
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(a)  Page  1. 


Pigure  11.-  General  flow  chart  of  trajectory  program. 
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Figure  11.-  Continued. 
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(a)  Page  1. 

Figure  12.-  Trajectory  program  input  format 
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Figure  12.-  Continued. 


Item  No.  16  (NCWS  values,  eight  to  a card.  One  set  of  cards  if  NUNIS  « 1;  NSW  sets  if  NUNIS 
| THBTAL(l)  | THETAL  ( 2 ) | [THETA^  (NCWSlf  [ | \ 
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Item  No.  21  (NCPS  values,  eight  to  a card.  Omit  if  NPY  = 0.  One  set  of  cards  if  NUNIP 
MSP  sets  if  NUNIP  = 0.) 

| THETPL ( 1 ) | THETPL ( 2)  [ ...  j THETPL (NCPS j | | I 


Item  No.  23  (1  card.  Omit  if  NRACK 


V 

H 

06 


O 


§ 

tSJ 


ttj 

o 

s 

z 


CM 

r- 

O 

10 

H 

■p 

c 

— ' 

fa 

<D 

z 

0) 

CO 

O 

N 

P 

0, 

0 

A 

o 

u 

uo 

vD 

0 

CD 

« 

0 

z 

Ul 

CO 

fa 

0 

>* 

p 

0) 

0 

o 

c 

O 

«* 

N 

0 

00 

u 

X 

, — . 

c 

U 

fa 

♦H 

o 

fa 

< 

o 

CO 

Z 

« 

w 

CO 

z 

fa 

W 

X 

Z 

(M 

*H 

fa 

o 

0 

o 

P 

<3 

rn 

fa 

4^-s 

e 

V c 

*2 

o 

p p 

VO 

a i p 

fa 

ro 

c 

*rl  0 

y 

TJ 

A 0 

S 

U 

0 TJ 

W 

0 

X -U  U 

o 

• 

w 

P O 0 

• 

C O 

6 

0 

« 

w C 

CN 

0 0 CO 

O 

XU  fa 

>o 

4J 

0 Eh 

-H  >i  CO 

Q 

fa 

X 

£ % z 

Q 

•H 

£ O 

(0 

rf 

O -M  .* 

A 

<N 

0 0 CO 

CO 

0 06 

W 

cn  *n  e-i 

0) 

CM 

■H  ID  CO 

6 

2 

> — - 

XU  Z 

rH 

rH 

fa 

w 

X p 

lo 

rd 

O 

0 

> 

cn 

*v  0 X 

w 

06 

o 

04 

H 

06 

« iH 

< 

O 

H O 

2 

N 

co 

z 

CN 

2 U »-3 

z 

■—4 

Ph  rn 

co  2 

m 

m 

Z Eh  cO 

„ — _ 

CM 

CO  CN 

ha 

iH 

4-i  jg 

# 

— ‘ 

H 

a: 

0 

06 

w 

0 

Eh 

H 

z 

O 

z 

co 

e 

2 

0 £ 

H 

<u 

X 0 

2 

-M 

O P 

M 

Z H 

0 


0 c 

rH  £ 

X 3 

0 iH 

•H  O 
U O 
0 

> T3 

(0 

u 


<u 


c 

e 

x d 

0 H 
‘H  O 
M U 
0 

> *C 
P 

0 

U 


0 C 

0 

0 C 

0 

0 c 

0 

rH  £ 

a 

rH  £ 

a 

rHN  E 

a 

X 3 

X ^ 

>. 

x d 

>i 

0 i— 1 

Eh 

0 rH 

Eh 

0 rH 

Eh 

•H  0 

*H  0 

•H  0 

M u 

P 

u u 

4J 

u o 

-P 

0 

0 

0 

0 

0 

0 

> TJ 

E 

> 05 

1 

> T3 

E 

U 

u 

H 

U 

P 

H 

0 

0 

0 

0 

0 

0 

u 

fa 

o 

fa 

U 

fa 

89 


Figure  12. - Continued 


Item  No.  29*  {MSOR  values,  six  to  a card) 
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*If  NSHPT  > 1,  repeat  items  28  through  30,  i 
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Figure  12.-  Continued. 
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Figure  12.-  Concluded. 


(a)  Pylon  under  fuselage  centerline. 


(b)  Pylon  under  wing. 


Figure  15.-  Variables  describing  and  locating 
pylon,  input  data  item  number  17. 
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Figure  16.-  Configuration  for  sample  trajectory  number  1. 
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-6.6962-07 

1.0445-06 

3.1040-07 

1.3737-06 

1.6004-06 

2.8780-U6 

4 . 2266-06 

to . 6A3b— Uto 

9.9367-06 

1 .46lc-u5 

2.1403-05 

3.0U83-U5 

4.0582-05 

5.2U7o-05 

6.2487-05 

6.876/-05 

6. 2940-05 

7.3261-05 

4. 5U69-06 

-7.6629-07 

-1.2/66-05 

9.9914-U6 

-1.1501-05 

1.0717-U5 

-1 -1U60-O5 

8 

1 . 1063-Ub 

-1.0703-05 

1.1555-05 

-9.8993-06 

1. 649o-05 

-1.3298-05 

-3.1426-05 

-4.5536-05 

-5 . 3b3b-05 

-5.6492-05 

-5.3967-05 

-4.8229-05 

-4.0372-Ub 

-3.2497-U5 

-2.4705-05 

-1.6652-05 

-1 .3021-05 

-9.7406-06 

-5.9450-06 

-5.1105-06 

-1 • 9394-06 

-3.3603-06 

7.1 284—07 

-3  * 6456-06 

3.4910-06 

-6  * 0 U77“U6 

8. Oo4U-06 

-9. 4139-06 

-22 • 4o6 

0.0 

0.0 

9 

15.412 

jo 

:o 

AJ 

10 

8 

5 

n 

i 

u.u 

0 . 0 

0.0 

0.0 

2 

-3 • 33333 

48.6 

30. 7 5 

0.0 

3 

-6 . o6to67 

4a  .6 

3u.  75 

0.0 

4 

— lu.oouoo 

46.6 

30.75 

0. 0 

5 

-15.00000 

48.6 

30. 75 

0.0 

6 

-20.O0000 

48.6 

30 . 75 

0.0 

0 

13 

lb  1 

PS 

. loO  7 4 

.09400 

• 0b400  . 044o0 

.02800 

.01955 

-.00122 

-.01341 

16 

- . 025bl 

.03762 

-• 050u5  - . ObOOO 

.06600 

.06719 

- • 067 1 9 

-.06719 

3 0.0 

U.O 

3.33335  1.652 

-3. U4o 

17 

2 2 

18 

1 0.0 

2 0.82b 

3 l.o52 

19 

60  1 

20 

1.740b 

.7502 

• 353o 

.06686 

0.0 

0.0 

0.0 

n.o 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

n.o 

o.n 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.n 

U.O 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.n 

21 

U.O 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.n 

U.O 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.o 

0.0 

0.0 

0.0 

o.o 

0.0 

0.0 

0.0 

o.n 

-.06666 

- • 353b 

-.7502 

-1.740b 

lu 

2 

10.b25 

0.625 

0.59333 

—6 . 666b7 

2.902 

0.0 

20 

5 

7.38333 

0 • 446b7 

-6.22083 

0.0 

5.71666 

o.o 

20 

21 

5 

7.38333 

0 . 446b7 

-5.37053 

-0.75 

4.83333 

0.0 

22 

5 

7.36353 

0.44667 

-5.37033 

0.75 

4.85333 

o.n 

2 

27 
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Figure  17.-  Input  data  for  sample  trajectory 
calculation  number  1. 
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Item  No 


2 51 

28 

2.0o0o-o3 

2.6473-03 

3.5132-U3 

4.o705-03 

6 • 2149— u 3 

8.2/?l-u3 

1. lUOb-02 

1.4626-02 

1 .940U-U2 

2.5661-02 

3.361U-U2 

4.43lb-U? 

5.7o99-Ui2 

7.4485-02 

9.5145-U2 

1. 1999-Ul 

1 . 4904-01 

1 .8194-01 

2,1  /61-Ul 

2.5531-01 

2.9505-01 

3.3079-01 

3. 6b52-ul 

4 • 0o2b“0 1 

4. 440U-U 1 

4.8175-01 

5.194  Z-01 

5.5721-01 

5.9494-01 

6.3266-01 

29 

b.7U42-0l 

7.0615-01 

7.4589-01 

7.8365-01 

8.2136-ul 

8.5910-01 

6.9u84-0l 

9.3457-Ul 

9.7231-01 

1.010U-00 

1.047/-U0 

1 .0640-00 

l.U7i-U0 

1.1459-00 

l.lo9/-00 

1.1884-00 

1 .2025-00 

1.2127-00 

1.220U-00 

1.2250-00 

1.2284-00 

4 • 8513-06 

-4.3215-06 

2.4426-06 

-7.1054-07 

1 • 2b36-u6 

1.0935-06 

2 • b 749-06 

4.3291-06 

7.6030-06 

1.3510-05 

2.301 b-u5 

3.7947-05 

5*9954-05 

8.9502-05 

1.2214-04 

1.5482-04 

1 .282U-U4 

2-0261-04 

-5.047b-U5 

-1.1596-04 

1 . 1594-04 

-1 .2468-04 

1 .2U5U-U4 

-1 .2326-04 

30 

1.2144-04 

-1.2266-04 

1.2165-04 

-1.2235-04 

1.2211-U4 

-1 .22 15-U4 

1.2235-04 

-1.2188-04 

1 .2265-U4 

-1.2149-04 

1.2316-04 

-1 .2063-U4 

1.245U-U4 

-1 . lo74-U4 

1 • 1o9d-U4 

1.1480-05 

-1 .1924-04 

-1 .7271-04 

-1,7495-04 

-1.3912-04 

-9.3587-05 

-5.4285-05 

-2.9966-U5 

-1.2530-05 

-1.0227-U5 

4.6b40-U6 

-1.1715-05 

b 44 

28 

2.0U0U-U3 

2.8692-03 

4. 1U68-U3 

5.8625-03 

8.3399-03 

1 . 1 8 1 0 — 02 

1.6ol9-U2 

2.3192-02 

3. 2007-02 

4.3536-02 

5 • 814b-u2 

7. 5981-02 

9.7189-02 

1. 2159-01 

1.4662-01 

1.7742-01 

2.0  /79-Ul 

2 • 39BU-0 1 

2 • 7354-U 1 

3. 0909-01 

3. 4o53-0 1 

3.8580-01 

4. 2644-01 

4.6/91-01 

b. 0956-01 

b. 5081-01 

5.9097-01 

6.2945-01 

6 • 6584-u 1 

6.9965-01 

29 

7.3065-01 

7.5661-01 

7. 8492-u 1 

8.0970— Ul 

8.3372-01 

B.574b-Ul 

6.8119-01 

9 • 0493— U 1 

9.2667-01 

9.5241-ul 

9 . 7t>l  4-u  1 

9 . 9968-u 1 

1 .023b-UU 

1.0435-00 

3 * 8950-Ub 

-2.9405-06 

1.8989-06 

5.6064-07 

2.6286-06 

4.7915-06 

9.7539-06 

1.8419-05 

3.2416-05 

5.5617-05 

5 . 6472-05 

9.3566-U5 

6*9/  lb-05 

9 • 5666-U5 

-5 . 8866-05 

1.3457-04 

—2 • 0h99-U5 

1 . 2904-04 

1 .0512-05 

1 . 3466-04 

9,0154-u5 

-2.6121-05 

1. 2754-04 

-1.0o93-04 

30 

6 • 5<J5o-Ub 

-1. 7406-04 

3.1092-05 

-2.5365-04 

4 * 9ol2-o5 

-2.8b51-04 

8.20 15-ub 

-2*0799-04 

1.6671-04 

-2.1785-04 

2.2495-04 

-2. 1059-04 

2. 1569-04 

-2.0999-04 

2.1386-04 

-2. 0562-04 

1.9470-04 

2 * 2o62-05 

-4.1587-04 

1.84b4-05 

>- 

c 

fv 

o 

20  0 2 

1 1 

1 

31 

15.55 

8.0  60. 

0 60.0 

0.0 

0.0 

0.0 

32 

-5.3125 

0.0  6. 

0 o.o 

33 

0.2355 

1.1 

51 

— 0 • 44 1 o -1.0  0. 

470b  0.1947 

1.0 

35 

0 . 0d862 

0.4 

0.0 

T5 

0 5 

3^ 

-9.3/6 

0.625  1. 

45853  45.0 

3.22 

38 

10.0 

o.u 

15 

O.Ub 

0 . 0 0 . 

6 

TG 
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Figure  17.-  Concluded. 
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Figure  18.-  Configuration  for  sample  trajectory  number  2. 
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Item  No 


bAwiPLE  TKAJLCTUKY  LALCuLhT  I OU  NUMBER  2 

A iRlRmF  f ft  NO  S TORES  ARE  SCALED  UP  VtRSlUNS  UF  MuDeLS  uSeD  Iim  eXPEk  TiviF  NTmL 
PROGRAM  bONDuCTEU  IN  CuNJUNC T I UN  WITH  THiS  WORK 
MOQlLS  SCALED  UP  uY  A FaCYOk  OF  2u  TO  APPROXIMATE  A FuLL  SCmLe  AIrCrAFT 
THERE  IS  A SMmLL  UNLESS  BOAT  1 AiLeD  STORE  AT  THE  l/o  bEMlsPAN  LOCmTION 
OF  BOTH  wING  PANELS 

THERE  ALSO  arc  three  FIhLtSS  dGI  Ve-cYLIimOER  STORES  OPoUPFu  ON  A 

ier-rack/pylon  under  the  fuselage 

THE  UuT  TOM  STORE  OF  TFiE  TlR  GROUPiNb  IS  ThE  STORE  EJE.CTtO  WiTrt  THE 
IraJECTOKY  ST  ART 1 NO  ONE  kAuIuS  BELOW  TnE  CaRRIaGe  POsI I ION 
I)  IS  A FREL-FL1GHT  TRAJECToRt*  NOT  A CaPTIv/E  STOhE  TrAJElToRY 
damping  is  included 

the  aircraft  is  Paving  at  a flight  path  angle  of  -30  qegrees 


6.0  -30.0 

0.4 

.0020482  440.7 

3 

1 1 

1 b 

4 

bU  .80 

"277834 

5 

bo 

fi 

2«0U0u-u3 

2.5300-03  3.2GUb-u3 

4.048  7-U3 

5 • 120o-U3 

6.4  745-03 

8. 1831-U3 

1 • 033  f -02  1.3U48-U2 

1 .645d-U2 

2.0729-U2 

2.6U72-U2 

3.2  730-02 

4.0993-02  5.1192-U2 

6. 3697-02 

7.8907-02 

9.7224-02 

l . iyot-ui 

1.4456-Ul  1.7406-ul 

2. 0737-01 

2.4415-01 

2.8372-01 

o .2b0o-ul 

3 . 6b96- 

-01  4.0885-Ul 

4.5073-01 

4.9262— ul 

5.3450-01 

b.7o3v-U 1 

6.1827-Oi  6.601o-Ul 

7.0204-01 

7.4393— Ul 

7.8581-01 

7 

8.2 745-ul 

8.68U5-U1  9. 0887-01 

9 ♦ 432b-0 1 

9.7o73-Ut 

1 .0U70-00 

1 • 0338— UO 

1 . 0b73-o0  l,0/7o-00 

1 . 0948-00 

1 . 1U94-U0 

1.1215-U0 

1 . 1 0 1 D-UO 

1.1399- 

-00  1.1467-00 

1 . 1522-00 

1.1567-uO 

1. 1&03-U0 

1. In3^-uu 

I.lbb6-U0  I.lo7b-u0 

l. ib9u-on 

O . U353-U6 

-5.4782— 06  3 • 5398-06 

-2. 176D-06 

1 .6162-06 

-6.6962-U7 

1 ♦ O44b-0o 

3. 1040-07  1.3737-06 

1.6004-06 

2.878U-U6 

4.2266-Ub 

b * 643o— 06 

9.9387-06  1.4813-Ob 

2. 1403-05 

3. 0OB3-O5 

4.0582-05 

5.2U7o-Uh 

6.2487-05  6.8767-05 

6.294o-U5 

7.3261-05 

4.5U69-U6 

-7. 6829-U7 

-1.2766-05  9.9914-06 

-1.1501-U5 

1.0/17-05 

-1 . lubU-Ub 

Q 

1 . 1063-05 

-1.0703-05  1.1555-05 

-9.8993-06 

1 . 649o-u5 

-1.3296-05 

o 

-3.1  t+2o-ub 

-4.5538-05  -5.3835-05 

-S.o49«£-05 

-5.3967-05 

-4.8229-05 

-4.0372-U5 

-3.2497-05  -2.4705-05 

-1.6652-05 

-1.3021-05 

-9 . 7h  Oo-Ub 

-5.9*+5o-U6 

-5.1105- 

-U6  -1.9394-U6 

-3.3603-06 

7.1^84-07 

-3 . 6458-06 

3.491U-U6 

— 6*0o77— 06  8.0b4O— 06 

-9.4139-06 

“22 . 4ob 

0.0 

o 

o 

9 

lb. 412  2U.U 

10 

8 5 

11 

1 o.u 

u.O 

0.0 

U.O 

2 -3.83333  4o.6 

30.75 

0.0 

3 -b.bbbbV  48.6 

3u.  75 

O.U 

12 

4 -lu.OOuUO  40.6 

30.75 

U.O 

5 -lb.UOUOU  48. b 

30.75 

u.O 

t>  -2u . uOUOU  48.6 

3u.7b 

U.O 

U 

13 

lo  1 

R 

. 180  / 4 

. 094U0 

. 06400 

. 044t>0  .02800 

.01965 

- * Ou 122 

- • n 1 3*4 1 

— • U25ol 

- . 057o2 

-.05005 

— .ObOoO  -.06600 

-.06719 

-.06719 

-.06719 

X 0 

1 u.  0 

0.0 

3 • 83333 

1.652  -8. 

2458b 

17 

2 2 

18 

1 c.7 834 

d 0.0U94 

19 

3 4.4354 

bu  1 

JT3 

1.7a0o 

.7502 

. 3536 

» 0b6b6  0.0 

0.0 

n.n 

o.u 

U.O 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.o 

0.0 

0.0 

o.o 

0.0 

0.0 

U.O 

0.0 

0.0 

0.0 

0.0 

0.0 

n.o 

U.O 

o.u 

0.0 

0.0 

0.0 

0.0 

0-0 

0.0 

c,  X 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.o 

0.0 

u.u 

0.0 

0.0 

o.o 

0.0 

0.0 

o.o 

n.n 

“ . 0o68b 

- . 353b 

-.7502 

-1.7406 

5. 5o8 33 

0 • 316o7 

-7.12833 

4.75207  0.0 

22 
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Figure  19. - Input  data  for  sample  trajectory 
calculation  number  2. 
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Item  No 


39 

23 

2*  OUOU-05 

5.9937-03 

1.2o79-u2 

2.2699-02 

3.6119-0? 

5 • ?48b“0? 

7. Io5b-02 

9 • 4 00b“02 

1 . Ib6t>-u  1 

1.4546-01 

1.7900-01 

2.0404-01 

2.34H6-U1 

2.6ol3-01 

2.9/40-01 

3.2867-01 

3.5995-01 

3.9122-01 

4.2249-Ul 

4. 5377-01 

4. 8504-01 

5.1631-01 

5.4/59-Ul 

5 . 7686-0 1 

24 

b. lUlo-Ul 

6.4141-01 

6.7268-U 1 

7.0395-01 

7.3523-01 

7. 6O50-U1 

7.9/7 /-01 

8. 2905-01 

8 .6032—0 1 

8.^159-01 

9 . 2287-u 1 

9.5278-Ul 

9.7867-U1 

9 • 98b9— 0 1 

1 .0125-00 

-b . 6044-07 

2.0447-05 

5.2140-uS 

6.b002— 05 

8.0u62-U5 

B.8o21-u5 

9.2o9i-Ub 

9.0897-05 

6.2019-05 

7.5763-05 

1 .7b3b-o5 

1.2O50-U4 

-1 . Id40-U4 

5-3828-05 

-5. I30o-u5 

4.5747-05 

-4  * 028u— 05 

4.6454-05 

-4 • 7069-05 

4.6862-05 

-4.7357-ob 

4.7119-05 

-4.7125-05 

4.7348-05 

25 

-4 .6677-Ub 

4 • 7o4 1-U5 

-4.6504-05 

4.8151-05 

-4. 577o-o5 

4.9587-05 

-4.452i.-Ub 

5.8U37-U5 

-7.4667-05 

2. 8150-04 

-2.912o-o4 

-3. Odbb-04 

-2. 1h53-U4 

-7. 9127-05 

-4.6523-05 

11)  5 

7.38333  0. 

44667  -1.0275  -6.666o7 

1.98612 

o.n 

2U  2 

10. b25  0. 

625  -4.6 

0.0 

6.5^1o7 

0.0 

21  2 

10 . b25  0. 

625  -3.6172  -0.866b7 

4 . 9o3o3 

0.0 

26 

22  2 

10.625  0. 

625  -3.6172  0.8o6o7 

4.96333 

0.0 

3U  5 

7.38333  0. 

44667  -1.027b  6«666b7 

1.9861? 

0.0 

2 

27 

b 44 

2a 

2.000U-U3 

2-8692-03 

4.1066-03 

5.8625-03 

8.3399-03 

1.1610-02 

1 • 6o 19-02 

2. 3192-02 

3. 2007-02 

4.3538-02 

5.814O-0? 

7.5981-02 

9.7189-U2 

1.2X59-01 

1 .4662-01 

1.7742-01 

2. 0779-01 

2.3980-Ul 

2.7354-Ul 

3 * 0909-Ul 

3 • 4o53— U 1 

3.8580-01 

4.2O44-01 

4.6791-01 

29 

5.0956-01 

5.5081-01 

5.909 /-ul 

6.2946-01 

6.6584-01 

6.9965-01 

7. 3065-01 

7.5681-01 

7.8492-01 

8.097U-01 

8.3572-01 

fl. 5740-01 

6.8119-Ul 

9. 0493-01 

9. 2867-01 

9.5241-01 

9. 7ol4-o 1 

9.9986-01 

1.023o-U0 

1.0435-00 

3.6950-06 

-2.9405-U6 

1 . 8989-U6 

5.6069-07 

2.6286-06 

4.7915-06 

9.7339-06 

1. 8419-05 

3.24l6-u5 

5.3617-05 

5.6472-U5 

9.3566-05 

b.971o-o5 

9 • 5866-05 

-5.8666-05 

1.3457-04 

-2.0499-US 

1 .2904-04 

1.0bl2-ub 

1. 3466-04 

9.0154-05 

-2.6121-05 

1.2754-04 

-l.0o93-04 

6. 565o-Ub 

-1.7406-04 

3.1 092-05 

-2.3365-04 

4. 9012-05 

-2.8051-04 

30 

8.20lb-05 

-2*0799-04 

1.6671-04 

-2.1783-04 

2 • 2493-04 

-2.1059-04 

2. 1 369-04 

-2. 0999-04 

2 . 1386^04 

-2.0582-04 

1.9470-04 

2 * 2b62-o5 

-4. 1387-04 

1.8464-05 

2 bl 

28 

2 . OujOo-03 

2.6473-03 

3.5132-03 

4.6705-U3 

6.2149-U3 

8.2721-03 

1.1006-U2 

1.4626-02 

1.9400-02 

2.5661-02 

3.301U-U2 

4.4316-02 

b • 7o99-U2 

7.4485-U2 

9.5145-02 

1.1999-01 

1. 4904-01 

1.8194-01 

2.1781-Ul 

2.5531-01 

2.9305-Ul 

3.3079-01 

3 • 6852— ul 

4. 0626— Ul 

4.440U-U  1 

4 .8173-01 

5.1947-U1 

5.5721-01 

5.9494-01 

6.3268-01 

29 

6.7042— Ul 

7.0615-01 

7.4589-01 

7.8363-01 

8.2136-01 

8. 5910-01 

8 • 9b84— 0 1 

9.3457-01 

9.7231-01 

1 . 010U-00 

1.0477-00 

1.0640-00 

1. 1171-UO 

1.1459-00 

1 • Ib97-u0 

1.1884-00 

1.2025-00 

1.2127-00 

1.220u-UfJ 

1 .2250-00 

1.2284-00 

4 .8513-00 

-4.3215-06 

2.442o-U6 

-7.1054-07 

1.2638-06 

1.0935-06 

2.5/49-06 

4.3291-06 

7. 8030-06 

1. 3510-05 

2.3016-05 

3.7947-05 

b.99b4-0b 

8.9502-U5 

1.2214-04 

1.5482-04 

1.2620-04 

2.0261-04 

-b. 047b-Ub 

-1.1398-04 

1. 1594-04 

-! .2468-04 

1 .2u5U-U4 

-1.2326-04 

1 .2144-04 

-1.2266-04 

1.2105-U4 

-1.2235-04 

1.2211-04 

-1 .2213-04 

30 

1.2233-U4 

-1.2188-04 

1 . 22b3“04 

-1.2149-04 

1.2318-04 

-1.2063-04 

1.2450-04 

-1 • 1 b74-04 

1.1695-04 

1 . 1480-05 

-1. 1924-U4 

-1.7271-04 

- 1 . 749b— 04 

-1.3912-04 

-9. 3587-05 

-5.4285-05 

-2.9966-05 

-1.2530-05 

-1. 0227-05 

4*6o40-U6 

-1.1713-05 

20  ^0 

20  U 2 

0 0 

j 

51 

lb. 55 

6.0  60. 

0 60.0 

0.0 

0.0 

0.0 

32 

-b.312b 

0.0  0. 

0 0.0 

33 

0.2350 

i.i 

34 

- 0 . 4 4 1 b 

rT7o  in 

470b  0.1947 

1773 

35 

0 * 0d8«2 

0.2 

0.0 

3l> 

10.0 

u.o 

39 

0.0b 

0,0  0. 

6 

40 

(b)  Page  2. 


Figure  19.-  Concluded. 
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Figure  20.-  Trajectory  program  output  for  sample  case 
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PYtON  INPUT  CATA 
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VERTEX  LATTICE  CONTROL  POINT  COORCINATES  AND 
INFUT  TWIST  AND  CAMBER  DISTRIBUTION 
AT  THESE  POINTS 
(WING  COCROINATE  SYSTEM) 
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Figure  20.-  Continued 
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Figure  20.-  Continued 
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FORCE  AND  NOHENT  COEFFICIENTS 
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STORE  ANGULAR  ORIENTATION  IN  FUSELAGE  COORDINATE  STSTEM  AND  RATES  CF  CHANGE  OF  THESE  ANGLES 
ANGLES  IN  DEGREES,  RATES  OF  CHANGE  IN  RADIANS  PER  SECOND 
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Figure  22.-  Coordinate  systems  used  in  trajectory  calculation. 
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Trajectory  program  output  for  sample  case 
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/0»TE>  LATTICE  CCNTROL  POINT  COORCINATES  ANO 
INPUT  TWIST  A NO  CAKRER  OISTRIRLTICN 
AT  THESE  POINTS 
{WING  COCROINATE  SYSTE*) 
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PYLON  OONTRCL  POINTS 
ROW  VORTEX 


INOUT  VALUES  0 F THE  LOCAL  SURFACF  SLOPE  OF  THE  THICKNESS 
OISTRIPUTICK.  FOP  EACH  CHCROWISE  PO U THE  FIRST  VALUE 
IS  FOR  THE  PANEL  NEAREST  THE  LEADING  EDGE 
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Figure  23.-  Continued 
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INTERFERENCE  VELOCITIES  INDUCED  AT  THESE  FCINTS 
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Figure  23.-  Continued 


STOOF  NUMRFR  ?Q  IS  THE  STORE  EJECTEO 
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FOPCF  A NC  MOMENT  OCEFFICIENTS 
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APPENDIX  I 


DETAILS  OF  SOURCE  DISTRIBUTION  PROGRAM 


1-1.  INTRODUCTION 

The  purpose  of  this  appendix  is  to  provide  more  detailed  information 
on  the  source  distribution  program  which  was  described  in  section  3 . A 
listing  of  the  program  was  presented  in  figure  1 and  a general  flow  chart 
in  figure  2.  This  appendix  will  present  more  detailed  flow  charts  and 
tables  equating  the  program  notation  to  the  algebraic  notation. 

1-2.  MAIN  PROGRAM 

The  flow  chart  of  the  main  program  is  presented  in  figure  1-1  and 
the  table  equating  the  program  notation  and  the  algebraic  notation  is 
presented  in  Table  1-1.  Referring  to  figure  1-1,  the  first  section  of  the 
program  reads  and  prints  the  input  data.  These  data  were  discussed  in 
detail  in  section  3.2.1.  The  next  section  determines  the  source  locations. 
The  first  source  is  placed  at  x/£  = XSFST,  an  input  quantity.  The  location 
of  source  j + 1 is  given  by 

(i)Jtl  -(f),  +H»CR[»Cr)j_ 

The  quantity  PERCR  was  input  and  (r/£)  ^ , as  well  as  (dr/dx) ^ , is 
calculated  in  subroutine  SHAPE.  They  are  the  body  radius  and  surface 
slope  at  the  j source  location  and  are  calculated  from  the  input 
polynomials  specifying  the  body  shape.  After  calculating  this  information 
for  all  source  locations  it  is  printed. 

The  values  of  r/£  and  dr/dx  at  the  (NSORC  - 2)  points  where  the 
flow  tangency  boundary  condition  is  to  be  applied  are  next  determined. 

For  a discussion  of  this,  see  section  4.1.2  of  reference  2.  These  points 
are  located  midway  between  sources.  Since  this  condition  is  to  be  imposed 
at  (NSORC  - 2)  points,  one  position  must  be  eliminated  since  there  are 
(NSORC  - 1)  of  these  positions.  The  one  eliminated  is  the  third  one  ahead 
of  the  point  where  the  maximum  body  radius  is  first  reached,  XRMAX  which 
was  input. 
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The  next  part  of  the  program  calculates  the  coefficient  matrix  and  the 
right-hand  side  of  the  set  of  simultaneous  equations  which  are  to  be  solved 
in  order  to  determine  the  source  strengths.  The  set  of  simultaneous  equa- 
tions is  given  by  equations  (19),  (20),  and  (21)  of  reference  2.  Note  that 

the  right-hand  side  is  put  in  the  (NSORC  + 1)  column  of  the  C array. 

Subroutine  INVERS  is  next  called  to  solve  the  set  of  equations  for 
the  source  strengths.  Upon  returning  from  the  subroutine  the  solution  is 
in  the  (NSORC  + 1)  column  of  the  C array.  This  solution  is  transferred 
to  the  Q array  and  the  x/l  locations  and  the  source  strengths  are 

printed . 

The  last  section  of  the  program  calculates  the  body  shape  given  by 
the  source  distribution  using  equation  (14)  of  reference  2.  On  the  body 
surface  the  value  of  the  stream  function,  \l>* , is  zero.  An  iteration  on 
r*  is  performed  to  find  the  value  which  gives  ijj*  = 0.  This  is  done  at 
points  as  specified  by  the  input  data. 


1-3.  SUBROUTINE  INVERS 

Subroutine  INVERS  solves  a set  of  simultaneous  linear  algebraic 
equations  by  Gaussian  elimination.  This  routine  comes  from  reference  5 
which  contains  a flow  chart.  Not  all  of  the  options  shown  in  that  flow 
chart  are  in  the  present  routine.  The  quantities  in  the  parameter  list  are 

A array  containing  coefficient  matrix  and  right-hand  sides 

NSYS  number  of  right-hand  sides 

N number  of  equations 

NMAX  first  dimension  of  A array  in  calling  program 

MMAX  second  dimension  of  A array  in  calling  program 

1-4 . SUBROUTINE  SHAPE 

The  purpose  of  this  subroutine  is  to  calculate  the  body  radius  and 
surface  slope  at  a specified  axial  station.  The  body  shape  is  specified 
by  a series  of  polynomials  of  the  form  of  equation  (1)  of  this  report. 

A flow  chart  of  subroutine  SHAPE  is  presented  in  figure  1-2  and  a table 
equating  the  program  notation  and  the  algebraic  notation  is  presented  in 

Table  1-2. 
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The  quantities  in  the  parameter  list  are: 

X value  of  x/J l at  which  radius  and  surface  slope  are  to 

be  calculated 

NS  number  of  polynomials  describing  body  shape 

XE  array  containing  values  of  x/ £ for  the  end  points  of 

the  NS  polynomials 

C array  containing  the  coefficients  of  the  NS  polynomials 

R calculated  value  of  r /£  at  x/ £ = X 

DRDX  calculated  value  of  dr/dx  at  x/£  = X 

The  calculation  performed  by  this  subroutine  consists  of  two  steps. 
The  first  step  is  to  determine  which  of  the  NS  polynomials  describes  the 
shape  at  the  value  of  X where  the  radius  and  surface  slope  is  required. 
Once  this  is  determined,  the  appropriate  set  of  coefficients  is  used  in 
equation  (1)  to  determine  r/£.  The  value  of  dr/dx  is  found  by  diffe- 
rentiating equation  (1) . 
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TABLE  1-1 


DICTIONARY  OF  NOTATION 
IN  MAIN  PROGRAM 


PROGRAM 


NOTATION 

ALGEBRAIC  NOTATION 

BETA 

Vl  - M2 

OO 

DRDX(K) 

body  surface  slope,  dr/d 

x,  at  location  of  k*"*1 

source 

FMACH 

M 

OO 

NSORC 

number  of  sources 

PSI 

stream  function,  \p*  (eq. 

(14) , ref.  2) 

Q (K) 

strength  of  k^*1  source 
(21) , ref . 2) 

, Q*  (eqs.  (14)  , (19)  , 

(20) 

and 

RA  ( J) 

body  radius  at  the  j 
r ^ (eq.  (19) , ref.  2) 

flow  tangency  boundary  condition 

RL  (K) 

body  radius  at  k^*1  source  location,  r*  (eqs. 
and  (21),  ref.  2)  K 

(14) 

, (19) 

TB  ( J) 

body  surface  slope  at  j 
condition,  tan  6.  (eq. 

flow  tangency  boundary 
(19) , ref.  2) 

XC  (J) 

x/£  of  flow  tangency  boundary  condition, 

(eq.  (19),  ref.  2) 

X^ 

J 

XS  (K) 

x/Z  of  k^*1  source,  x£ 

(eqs . (14 ) , (19 ) and  ( 

21)  , 

ref . 
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TABLE  1-2 


DICTIONARY  OF  NOTATION 
IN  SUBROUTINE  SHAPE 


PROGRAM 

NOTATION 

ALGEBRAIC  NOTATION 

C(J,N) 

J = 1 , 2 , . . . 7 

th 

Cj,  C2,...C?  of  the  n polynomial 

DRDX 

dr/dx 

R 

r/l 

X 

x/  Z 
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(a)  Page  1. 

Figure  1-1.-  Flow  chart  of  source  distribution  program. 
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(b)  Page  2. 

Figure  1-1.-  Continued. 
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(c)  Page  3. 
Figure  1-1 Continued 


CALCULATE  BODY 
SHAPE  FROM 
SOURCE  DISTRIBUTION 


Q— * 


X * StltflT 
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1 
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(d)  Page  4. 
Figure  1-1.-  Concluded 
135 


Figure  1-2.-  Flow  chart  of  subroutine  SHAPE. 
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APPENDIX  II 


DETAILS  OF  TRAJECTORY  PROGRAM 


II-l . INTRODUCTION 

The  purpose  of  this  appendix  is  to  provide  more  detailed  information 
on  the  six-degree-of-freedom  trajectory  program  which  was  described  in 
section  4.  A listing  of  the  program  was  presented  in  figure  10  and  a 
general  flow  chart  in  figure  11.  This  appendix  will  present  more  detailed 
flow  charts  and  tables  equating  the  program  notation  to  the  algebraic 
notation.  The  program  consists  of  a main  program  and  thirty-two  subroutines. 
The  main  program  will  first  be  described  and  then  the  subroutines  will  be 
described  in  alphabetical  order.  The  subroutines  and  their  functions  were 
listed  in  Table  II. 

II- 2.  MAIN  PROGRAM 

The  first  two  pages  of  the  flow  chart  which  was  presented  in  figure  11 
are  quite  complete  and  will  therefore  not  be  expanded  in  this  appendix. 

Using  those  pages,  the  description  in  section  4.1,  the  input  data  discussion 
in  section  4.2.1,  and  the  dictionary  of  notation  in  Table  II-l,  there  should 

be  sufficient  information  to  understand  the  flow  of  the  program. 

The  last  page  of  the  flow  chart  of  figure  11  has  been  expanded  and  is 
presented  in  figure  II-l.  This  portion  of  the  program  begins  with  card 
6DA01419  on  page  3 of  the  listing,  figure  10(c),  and  is  the  integration 

loop  of  the  program.  The  first  step  in  the  loop  is  to  call  subroutine 

FORCE  to  calculate  the  aerodynamic  forces  and  moments  acting  on  the  store 
body.  If  the  store  has  an  empennage  then  subroutine  EMPFOR  is  called  to 
calculate  the  empennage  forces  and  moments. 

The  next  portion  of  the  program  solves  for  the  translational  and 
rotational  accelerations.  The  set  of  six  simultaneous  equations  which  are 
solved  are  given  in  Appendix  II  of  reference  1,  equations  (11-16)  through 
(11-18)  and  (11-41)  through  (11-43) . The  coefficient  matrix  and  right-hand 
side  are  stored  in  the  FVN  array.  The  first  subscript  of  FVN  is  the 
equation  number.  The  correspondence  is 
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Subscript 

Value 


Equation 

Number 


1 

2 

3 

4 

5 

6 


11-16 

11-17 

11-18 

11-41 

11-42 

11-43 


The  second  subscript  of  FVN  is  the  term  in  the  equation.  Here  the 
correspondence  is 

Subscript 

Value  Term 


1 

2 

3 

4 

5 

6 
7 


5 

T1 

c 

p 

q 

% 

r 

Right-Hand  Side 


Thus,  for  example,  FVN(3,5)  is  the  coefficient  of  q in  equation  (11-18). 
Certain  parts  of  this  section  of  the  proqram  are  bypassed  if  the  store 
center  of  gravity,  c.g.,  lies  on  the  store  moment  center.  If  this  is  the 
case,  x,y  and  z are  zero  and  NASYM  equals  zero. 

After  calculating  the  coefficient  matrix  and  right-hand  side  of  the 
set  of  equations,  subroutine  INVERS  is  called  to  solve  for  the  accelerations 
and  the  values  are  transferred  to  the  DVAR  array.  The  next  steps  of  the 
program  put  the  values  of  E, , ri , and  £ into  the  DVAR  array  and  calculate 
the  values  of  $,0,  and  4>,  which  are  also  put  in  the  DVAR  array.  The  DVAR 
array  contains 


DVAR ( 1 ) i 

DVAR (2)  n 

DVAR (3)  l 

DVAR (4)  p 

DVAR (5)  q 

DVAR (6)  r 
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DVAR ( 7 ) 
DVAR ( 8 ) 
DVAR ( 9 ) 
DVAR (10) 
DVAR (11) 
DVAR (12) 


n 


c 

$ 


0 


These  are  the  derivatives  of  the  twelve  dependent  variables . 

The  program  next  checks  to  see  if  the  integration  procedure  has 
reached  the  end  of  an  integration  step.  If  it  has  NOUT  = 1 and  subrou- 
tine OUTPUT  is  called  to  print  the  output.  Next  a check  is  made  to  see  if 
the  end  of  the  trajectory  has  been  reached,  that  is,  is  the  current  value 
of  the  time  equal  to  the  final  time  which  was  input.  If  it  is  then  the 
program  transfers  to  the  first  input  statement  and  attempts  to  read 
another  set  of  input  data.  If  the  end  has  not  been  reached,  then  the 
integration  routine,  subroutine  ADAMS,  is  called. 

NDIFEQ  is  a control  index  used  by  subroutine  ADAMS.  If  NDIFEQ  = 1 
upon  returning  to  the  main  program,  an  error  condition  has  been  encountered 
in  ADAMS,  the  calculation  is  to  be  terminated,  and  the  next  set  of  input 
data  is  to  be  read.  If  2 <_  NDIFEQ  £ 7,  the  program  is  at  some  inter- 
mediate point  in  the  integration  from  one  point  to  the  next.  When 
NDIFEQ  > 7,  the  integration  of  one  step  has  been  completed  and  NOUT  is 
set  equal  to  1 so  that  the  output  subroutine  will  be  called  after  the 
derivatives  are  calculated. 

II-3 . SUBROUTINE  ADAMS 

Subroutine  ADAMS  is  the  subroutine  which  integrates  the  set  of  differ- 
ential equations.  The  subroutine  will  not  be  described  in  detail,  however, 
an  examination  of  the  flow  chart  (fig.  II-2)  and  the  program  listing 
(figs.  10(d)  and  10(e))  will  indicate  how  it  functions.  All  returns  from 
the  subroutine  are  to  the  main  program. 

Consider  the  following  set  of  n differential  equations: 


y1  = fj (t,y1,y2, . • • ,yn) 
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This  subroutine  uses  a fourth-order  Adams  predictor-corrector  method 
(ref.  6)  to  solve  the  above  set  of  equations.  To  find  the  value  of  y. 
at  the  (J  + 4)^  step,  the  following  formula  is  used  to  predict  the  value 


A p>. 

1,  ] + 4 


i, j+3  24  \ 


+ " 59y 


1,3  + 3 


i,  j + 2 


+ 37y . 


1,3  + 1 


9y.  A 
1,3/ 


(II-l) 


This  assumes  that  all  of  the  y^'s  are  known  for  the  j,  (j  + 1) , (j  + 2) , 

and  (j  +3)  steps.  The  quantity  h is  the  interval  in  the  independent 

variable  between  these  points.  After  the  values  of  the  have  been 

j-  t 3 4 

found,  the  following  equation  is  used  to  obtain  the  corrected  values: 


i,  j + 4 


= Yi, 


j+3 


Af9y(P) 

24  Vyi,j 


3 + 4 


19y.  .. 

1/3  + 3 


- 5y . . 

1/3  + 2 


A.j+0 


(II-2) 


The  use  of  the  above  equations  require  that  four  evenly  spaced  values 

of  the  dependent  variables  be  known.  These  are  found  in  this  subroutine  by 

means  of  a fourth-order  Runge-Kutta  method  (ref.  6).  To  find  the  values  of 

th 

the  Yj_'s  at  the  (j  + 1)^  step,  the  following  equation  is  used: 


where 


y • • 
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(II-3 ) 


( II-4 ) 


J 


Thus,  given  initial  values  of  the  dependent  variables,  the  y^ 1 s , the 
independent  variable,  t,  and  the  integration  interval  size,  h,  the  differ- 
ential equations  are  integrated  three  steps  using  equations  (II-3)  and 
(II-4) . At  this  point,  the  integration  is  continued  using  equations  (II-l) 
and  ( II-2 ) . 


A discussion  of  both  the  Adams  and  Runge-Kutta  methods  is  presented  in 
reference  6.  From  this  reference,  the  truncation  error,  Ay,  at  a given 
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step  can  be  shown  to  be 


Ay 


so  that  the  absolute  error  is 


(II-5) 


iyABS  " '4yl 


and  the  relative  error  is 


Ay 


REL 


Ay 


ABS 


i,  j + 4 


(II-6) 


At  the  end  of  each  integration  step,  error  tests  are  made  in  the  following 
manner . 


An  upper  bound  for  the  relative  error  is  specified.  Then,  each  step, 
the  relative  error  is  compared  against  this  bound  for  each  y^j+4/ 
i = 1 , 2 , . . . ,n . If  the  test  fails  for  some  i,  there  exists  the  possibility 
that  the  absolute  error  has  become  so  small  as  to  be  insignificant.  Hence, 
the  absolute  error  for  this  y.  . 4 is  then  compared  against  a specified 
absolute  error  bound.  If  for  any  y.  • both  of  the  above  tests  fail, 
the  increment  h is  cut  to  (1/2) h,  and  the  calculation  restarts  using  the 
Runge-Kutta  method  with  tj  + 3 as 

If  all  error  tests  are  "passed",  the  program  tests  whether  the  incre- 
ment, h,  being  used  is  smaller  than  necessary.  Since  the  error  terms  are 
roughly  proportional  to  h5,  doubling  the  interval  should  increase  the 
error  by  approximately  32  times.  However,  doubling  the  increment  if  the 
error  terms  are  all  less  than  1/32  of  their  bounds  would  normally  lead  to 
oscillation  in  increment  size  and  an  inefficient  program.  In  this  program, 
if  the  relative  error  is  less  than  1/100  of  the  relative-error  bound  (or 
less  than  1/100  of  the  absolute-error  bound  when  the  relative  error  test 
fails)  for  each  y.  ... , the  increment  is  doubled.  The  routine  then 
restarts  using  the  Runge-Kutta  method  with  as  an<^  2h  as  the 

increment . 

At  the  start  of  the  program,  a special  error  procedure  is  used,  since 
the  calculations  are  done  using  the  Runge-Kutta  method.  The  Yj_/2  is  cal“ 
culated  using  the  increment  2h.  Then,  y^  x and  2 are  calculated 
using  the  increment  h.  The  absolute  error  is  given  in  this  case  by: 
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<h>  - yf2 

i,2 


The  relative-  and  absolute-error  tests  are  then  made  as  described 
above.  If  they  fail,  the  increment  is  cut  in  half  and  the  cycle  repeated. 
No  attempt  is  made  to  double  the  increment  during  Runge-Kutta  cycles.  If 
the  tests  are  passed,  yi  3 is  calculated  by  Runge-Kutta  using  the  incre- 
ment h,  and  successive  values  are  then  calculated  by  the  Adams  method. 


The  quantities  in  the  parameter  list  are: 

H current  value  of  the  integration  interval 

DS  initial  guess  at  integration  interval 

Y array  containing  current  values  of  the  dependent  variables 

DY  array  containing  current  values  of  the  derivatives  of  the 

dependent  variables 

NEQ  number  of  equations  being  integrated;  routine  dimensioned 

for  a maximum  of  12 


NDIFEQ  control  index 

S current  value  of  independent  variable 


II-4 . SUBROUTINE  CELl 

Subroutine  CELl  calculates  the  complete  elliptic  integral  of  the  first 
kind.  This  subroutine  has  been  taken  directly  from  reference  7.  For  a 
description  of  the  routine  that  reference  should  be  consulted.  A listing 
of  the  routine  is  presented  in  figures  10(e)  and  10(f).  The  comment  cards 
give  a brief  explanation  of  the  use  of  the  routine. 


II-5 . SUBROUTINE  CEL2 

Subroutine  CEL2  calculates  the  complete  elliptic  integral  of  the 
second  kind.  This  subroutine  has  been  taken  directly  from  reference  7. 
For  a description  of  the  routine  that  reference  should  be  consulted.  A 
listing  of  the  routine  is  presented  in  figures  10(f)  and  10(g).  The 
comment  cards  give  a brief  explanation  of  the  use  of  the  routine. 
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II-6.  SUBROUTINE  DIRCOS 


Subroutine  DIRCOS  computes  the  direction  cosines  which  relate  the 
store  body  coordinate  system  to  the  inertial  coordinate  system.  The 
direction  cosines  are  given  by  equation  (28)  of  reference  1.  A listing 

of  the  routine  is  presented  in  figure  19(g).  The  three  angles  Y , 0 , and  $ 

are  brought  into  the  subroutine  in  A (10) , A (11) , and  A (12)  f respectively 
and  the  direction  cosines  are  returned  in  the  D array. 

II-7 . SUBROUTINE  ELI1 

Subroutine  ELI1  calculates  the  general  elliptic  integral  of  the  first 
kind.  This  subroutine  has  been  taken  directly  from  reference  7.  For  a 

description  of  the  routine  that  reference  should  be  consulted.  A listing 

of  the  routine  is  presented  in  figure  10(g).  The  comment  cards  give  a 
brief  explanation  of  the  use  of  the  routine. 

II-8.  SUBROUTINE  ELI2 

Subroutine  ELI2  calculates  the  general  elliptic  integral  of  the  second 
kind.  This  subroutine  has  been  taken  directly  from  reference  7.  For  a 

description  of  the  routine  that  reference  should  be  consulted.  A listing 

of  the  routine  is  presented  in  figures  10(g)  and  10(h).  The  comment  cards 

give  a brief  explanation  of  the  use  of  the  routine. 

II-9 . SUBROUTINE  EMPFOR 

Subroutine  EMPFOR  calculates  the  empennage  forces  and  moments  by  the 
method  described  in  section  5.3  and  Appendix  I of  reference  1.  A listing 
of  the  subroutine  is  presented  in  figures  10(h)  and  10 (i) , a flow  chart 
in  figure  II-3,  and  a table  equating  the  algebraic  and  program  notation 
in  Table  II-2  of  this  report. 

An  examination  of  the  flow  chart  shows  that  the  first  steps  in  the 
routine  are  to  locate  the  point  at  which  the  empennage  forces  act  relative 
to  the  store  moment  center  and  to  set  UMAX  equal  to  2 or  4 depending  on 
whether  the  empennage  is  planar  or  cruciform. 

The  next  part  of  the  subroutine  calculates  the  perturbation  velocity 
field  at  the  MSF  control  points  on  each  of  the  JMAX  fins.  At  this  point 
these  velocities  are  in  the  fuselage,  or  inertial  coordinate  system.  The 
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free-stream  components  are  now  added  and  the  resulting  velocities  resolved 
into  the  store  body  coordinate  system  by  subroutine  INTOST.  These  velo- 
cities are  made  dimensionless  by  the  store  free-stream  velocity  and  the 
pitch  and  yaw  damping  terms  are  added  if  aerodynamic  damping  is  being 
included.  From  these  velocities  the  components  normal  to  the  fin  surfaces 
are  determined.  Positive  directions  are  shown  in  figure  10  of  reference  1. 

The  remainder  of  the  routine  calculates  the  empennage  forces  and 

moments.  First  W and  V shown  in  figure  10  of  reference  1 are  determined 
o o 

from  the  velocity  field  used  in  the  store  body  force  and  moment  calculation. 
Then  the  normal  force #and  the  side  force  if  the  empennage  is  cruciform,  are 
calculated  using  equations  (1-13)  and  (1-18)  of  reference  1.  The  spanwise 
integrations  are  performed  using  Simpson's  rule.  It  is  to  be  noted  that  in 
the  present  program  all  four  fins  are  assumed  to  have  the  same  span, 

= s^.  The  pitching  moment  and  yawing  moment  are  calculated  using 
equations  (1-21)  and  (1-22) . 

These  forces  and  moments  are  in  the  fin  coordinate  system.  They  are 
resolved  into  the  body  coordinate  system  using  equations  (58)  through  (61) 
of  reference  1. 

Finally,  if  rolling  moment  is  to  be  calculated  this  is  done  using 
equation  (1-30)  or  (1-52)  of  reference  1.  Equation  (1-30)  is  for  a planar 
empennage  and  (1-52)  is  for  a cruciform  empennage. 

11-10.  SUBROUTINE  EMPINI 

Subroutine  EMPINI  initializes  certain  quantities  which  will  be  used 
repeatedly  in  the  empennage  force  and  moment  calculation,  subroutine 
EMPFOR.  The  equations  programmed  are  given  in  Appendix  I of  reference  1. 

A listing  of  the  subroutine  is  presented  in  figures  10 (i)  and  10  (j),  a 
flow  chart  in  figure  II-4,  and  a table  equating  the  algebraic  and  program 
notation  in  Table  II-3  of  this  report. 

The  flow  chart  indicates  that  the  first  calculation  performed  is  to 
determine  the  radial  distance  outward  from  the  body  axis  to  the  MSF  fin 
control  points.  The  first  point  is  at  the  body-fin  juncture,  rf  = a 
(see  fig.  10,  ref.  1),  and  the  last  is  at  a = s^  = s . The  others  are 
equally  spaced  in  between  these  two  points.  Next,  a check  is  made  to 
determine  that  XTAIL  was  input  as  a negative  quantity  and  then  the  angular 
orientation  of  the  fins  in  the  store-body  coordinate  system  is  determined. 
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Referring  to  figure  10  of  reference  1,  these  angles  are  measured  in  the 

clockwise  direction  from  the  z axis. 

s 

JMAX  is  next  set  equal  to  2 or  4 depending  on  whether  the  empennage 
is  planar  or  cruciform  and  then  the  yg  and  zg  coordinates  of  the  control 
points  on  all  of  the  fins  are  determined.  Next,  certain  constants  are  cal- 
culated and  then  the  values  of  (cc^)3  are  calculated  at  the  control  points. 
They  are  the  same  for  all  panels  since  s^  = s^  (see  eqs.  (1-14)  and  (1-19), 
ref.  1) . 

If  rolling  moment  is  not  to  be  calculated,  NROLL  = 0,  control  is 
returned  to  the  calling  program.  If  rolling  moment  is  to  be  calculated, 
and  the  empennage  is  planar,  IPLNR  = 1,  (cc£)s  given  by  equation  (1-29) 
of  reference  1 is  calculated  at  the  control  points.  Note  that  in  the 
program  the  following  substitution  is  made 


For  a cruciform  empennage,  IPLNR  = 0,  equation  (1-51)  of  reference  1 is 
used  for  the  first  control  point  where  y^  = a.  For  the  other  control 
points  equation  (1-38)  is  used. 

11-11.  SUBROUTINE  FORCE 

Subroutine  FORCE  calculates  the  store-body  forces  and  moments  by  the 
methods  described  in  section  5.2  of  reference  1.  A listing  of  the  sub- 
routine is  presented  in  figures  1 0 ( j ) and  10(k),  a flow  chart  in  figure  II-5, 
and  a table  equating  the  algebraic  and  program  notation  in  Table  II-4  of 
this  report. 

An  examination  of  the  flow  chart  shows  that  the  first  step  in  the 
routine  is  to  check  to  see  if  the  trajectory  being  calculated  is  to  simulate 
a wind-tunnel  captive-store  trajectory.  If  it  is,  NGAM  = 1,  then  the  store 
attitude  relative  to  the  parent  aircraft  is  changed.  In  wind-tunnel 
captive-store  testing  the  yaw  and  pitch  angles  of  the  store  are  changed, 
only  while  measuring  the  aerodynamic  forces  and  moments,  to  account  for 
translational  motion  relative  to  the  aircraft.  The  new  angles  are 


cosh~1(x)  = &n(x  + Vx2  + 1 ) 
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The  subscript  cs  refers  to  captive  store  and  ff  refers  to  free  flight. 
The  direction  cosines  between  this  new  body  coordinate  system  and  the 
inertial  or  fuselage  system  are  calculated  in  DIRCOS.  If  the  trajectory 
is  a free-f light  case,  the  direction  cosines  between  the  true  body  coordi- 
nate system  and  the  inertial  system  are  calculated. 

The  next  section  of  the  program  calculates  the  velocity  field  given 
by  equation  (40)  of  reference  1 at  specified  points  along  the  separated 
store  longitudinal  axis.  The  store  is  removed  from  the  flow  field  during 
this  calculation.  One  of  the  input  parameters  was  NSEG  which  is  the 
number  of  equal  length  segments  the  body  is  to  be  broken  into.  These 
segments  are  of  length  DELX  as  shown  in  the  following  sketch 


The  velocities  are  calculated  at  the  midpoint  of  each  segment  as  well  as 
at  the  two  ends,  the  points  indicated  by  x in  the  sketch.  There  are 
thus  NHSEG  = 2*NSEG  + 1 points.  The  perturbation  velocity  field  is 
first  calculated  for  all  NHSEG  points.  These  velocities  are  the  u,v, 
and  w components  given  by  equation  (37)  of  reference  1.  The  free-stream 
velocity  components  are  next  determined  and  added  to  the  perturbation 
velocities  given  by  equation  (38) . At  this  time  the  velocities  are  made 
dimensionless  by  and  written  in  the  xs'^s,zs  coordinate  system. 

If  damping  is  being  included  the  damping  terms  in  equation  (40)  are  added. 

The  routine  next  calculates  the  forces  and  moments . The  buoyancy 
forces  and  moments  are  first  determined.  From  equations  (42)  and  (44)  of 
reference  1 the  normal  force  and  the  pitching  moment  can  be  approximated  by 
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These  are  the  equations  which  are  programmed.  Similar  equations  can  be 
written  for  the  side  force  and  yawing  moment. 

Next  the  slender-body  forces  and  moments  are  calculated.  Referring 
to  equations  (46)  and  (48)  of  reference  1,  the  normal  force  and  pitching 
moment  are  approximated  by 
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Here  the  summations  are  terminated  at  the  assumed  separation  location  as 

specified  by  NSEGXO  of  item  31  of  the  input  data  since  NHSEGO  = 2*NSEGX0+1 

Note  that  the  quantity  in  the  first  summation  of  (C„) is  the  same  as 

that  in  ( ^ ) B Y • Use  has  been  made  of  this  fact  in  the  program.  Similar 

expressions  can  be  written  for  (Cv)OT.  and  (C  ) __  . 

x SB  n SB 

If  separation  is  assumed  to  occur  ahead  of  the  base  of  the  store, 
NHSEGO  < NHSEG,  the  viscous  crossflow  forces  and  moments  in  this  region 
are  calculated  using  equations  (51)  through  (54)  of  reference  1.  The 
normal  force  and  pitching  moment  are  approximated  by 


147 


(CVcF 


NHSEG-1 

DELX| 
N=NHSEG0+1 , +3 . . 


NHSEG-1 


E E delx(s«vO 


N=NHSEG0+1 , +3  . . 


^m^CF 


NHSEG-1 

DELX 
N=NHSEG0+1 , +3  . .. 


= 4 E 


dC 


(x 


s ,m 


xsH  dx 


N 


N J 


11-12.  SUBROUTINE  INFWW 

Subroutine  INFWW  calculates  the  influence  coefficients  of  a horseshoe 
vortex  as  given  by  equations  (10)  , (11)  , and  (12)  of  section  4.2.2  of 

reference  1.  The  coordinate  system  and  notation  are  shown  in  figure  2 of 
that  reference.  A listing  of  the  subroutine  is  given  in  figures  10  (k) 
and  10(1)  of  this  report.  A flow  chart  is  not  presented  since  the  calcu- 
lation is  quite  straightforward. 

Referring  to  the  listing  and  equations  (10) , (11) , and  (12) 

F = FUI  = FUONE 
u 

F = FVI  = FVONE  + FVTWO  + FVTHRE 
v 

F = FWI  = FWONE  + FWTWO  + FWTHRE 
w 

In  terms  of  the  notation  in  the  equations  and  figure  2,  the  nine  quantities 
in  the  subroutine  parameter  list  are 


PSII 

tan 

APHII 

XXX 

X 

YYY 

y 

ZZZ 

z 

SNN 

s 

FUI 

F 

u 

FVI 

F 

V 

FWI 

F 

w 
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11-13.  SUBROUTINE  INTOST 


Subroutine  INTOST  (see  fig.  10(1)  for  a listing)  takes  a vector  with 
components  specified  in  the  inertial  £,n,C  coordinate  system  directions 
and  transforms  it  into  a vector  with  components  in  the  store  x,y,z  coordi- 
nate system  directions,  see  figure  9 of  reference  1.  That  is, 


The  matrix  [A] 1 is  the  transpose  of  the  direction  cosine  matrix  given  by 
equation  (II-2)  of  reference  1.  The  transpose  is  equal  to  the  inverse 
since  [A]  is  orthogonal.  The  matrix  [A]  was  calculated  in  subroutine 
DIRCOS. 

In  terms  of  the  above  notation,  the  quantities  in  the  parameter  list 
of  the  subroutine  are 


XI 

ETA 

ZETA 

X 

Y 

Z 

DC 


x 


[A] 


11-14 . SUBROUTINE  INVERS 

For  a discussion  of  subroutine  INVERS  see  section  1-3  of  Appendix  I 
of  this  report. 


11-15.  SUBROUTINE  OUTPUT 

Subroutine  OUTPUT  prints  the  output  at  the  end  of  each  integration 
step.  A listing  of  the  subroutine  is  presented  in  figures  10(1)  and  10 (m) , 
a flow  chart  in  figure  II-6,  and  a table  equating  the  algebraic  and  program 
notation  in  Table  II-5  of  this  report. 
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The  current  value  of  the  time  is  first  printed  and  then  the  force 
and  moment  components  calculated  in  subroutines  FORCE  and  EMPFOR  are 
summed  up.  The  components  and  totals  are  then  printed.  Next  the  normal- 
force  and  side-force  distributions  and  the  velocity  field  along  the  store 
centerline  are  printed.  The  xg  locations  are  the  midpoints  of  the  body 
segments . 

The  next  section  of  the  subroutine  locates  the  store  nose,  moment 
center,  and  base  in  the  fuselage  or  inertial  system.  These  points  are 
located  relative  to  the  fuselage  nose  and  also  relative  to  where  they  would 
be  had  the  store  remained  in  the  t = 0 position  on  the  aircraft.  These 
positions  are  printed. 

The  remainder  of  the  subroutines  prints  the  store  moment  center  trans- 
lational velocities  and  accelerations,  the  store  rotational  velocities  and 
accelerations,  and  the  store  angular  orientation  and  rates  of  change  of 
these  angles. 

11-16.  SUBROUTINE  PTHIN 

Subroutine  PTHIN  reads  in  the  pylon  thickness  data  and  calculates 
certain  quantities  which  characterize  each  of  the  pylon  thickness  source 
strips.  The  pylon  thickness  model  is  discussed  in  section  4.2.3  of  ref- 
erence 1 beginning  at  the  bottom  of  page  17.  The  coordinate  system  and 
angle  convention  are  shown  in  figure  6 of  that  reference.  A listing  of 
the  subroutine  is  presented  in  figure  10 (m),  a flow  chart  in  figure  II-7, 
and  a table  equating  the  algebraic  and  program  notation  in  Table  II-6  of 
this  report. 

The  number  of  strips  in  a chordwise  row,  NCPS,  is  first  read  in  along 

with  an  index,  NUNIP,  which  indicates  whether  the  thickness  distribution 

is  similar  at  all  spanwise  stations.  If  it  is  similar,  NUNIP  = 1,  the 

values  of  0 are  read  in  for  the  first  row  and  then  the  values  of  0 
p P 

for  the  other  rows  are  set  equal  to  those  of  the  first  row.  If  the 
thickness  distribution  is  not  similar,  NUNIP  = 0,  the  values  of  0p  for 
all  rows  are  read  in.  The  last  step  in  this  section  of  the  subroutine 
applies  the  compressibility  correction  of  section  3 of  reference  1 to  the 

values  of  0 . 

P 

The  remainder  of  the  subroutine  calculates  certain  quantities  asso- 
ciated with  each  thickness  source  strip  which  appear  in  equations  (24) 
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through  (26)  of  reference  1.  These  are 


0 AX , cos  . 

AX.  , tan  \p.  , X , -2 — L i 

i Y 1 ' Pc  2tt 

The  variables  appearing  in  the  subroutine  parameter  list  are  all 
defined  in  Table  II-6. 

11-17.  SUBROUTINE  PVLIN 

Subroutine  PVLIN  reads  in  the  pylon  vortex-lattice  data  and  calculates 
quantities  from  these  data  which  locate  and  describe  the  horseshoe  vortices. 
The  vortex-lattice  model  is  described  in  section  4.2.2  of  reference  1.  The 
coordinate  system  is  shown  in  figure  2 of  that  reference.  A listing  of 
the  subroutine  is  presented  in  figures  10 (m)  and  10 (n) , a flow  chart  in 
figure  II-8,  and  a table  equating  the  algebraic  and  program  notation  in 
Table  II-7  of  this  report. 

The  first  part  of  the  subroutine  reads  data  which  are  required  to 
describe  the  pylon  and  to  lay  out  the  horseshoe  vortices.  It  also  applies 
the  compressibility  correction  of  section  3 of  reference  1.  The  remainder 
of  the  subroutine  calculates  quantities  associated  with  the  horseshoe 
vortices  and  the  control  points.  The  bound  leg  of  a vortex  lies  on  the 
one- fourth-chord  line  of  the  area  element.  The  X,Y,Z  coordinates  of  the 
midspan  of  the  bound  leg  are  calculated  as  are  the  sweep  of  the  bound 
leg  and  the  semispan  of  the  vortex.  The  control  point  lies  at  the  midspan 
of  the  three-fourth-chord  line  of  the  area  element.  The  X coordinate  of 
this  point  is  calculated  as  is  the  sweep  of  the  three— fourth— chord  line. 

The  Y and  Z coordinates  of  the  control  point  are  the  same  as  for  the 
bound-leg  midpoint. 

The  variables  appearing  in  the  subroutine  parameter  list  are  all 
defined  in  Table  II-7. 

11-18.  SUBROUTINE  SHAPE 

For  a discussion  of  subroutine  SHAPE  see  section  1-4  of  Appendix  I 
of  this  report. 
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11-19.  SUBROUTINE  SIMSON 

Subroutine  SIMSON  calculates  the  value  of  a definite  integral  using 
Simpson’s  rule.  This  can  be  found  in  any  elementary  numerical  analysis 
book,  for  example,  reference  8.  As  programmed  here 


I 


x +mAx 

r * 


(x)  dx 


x 


o 


Ax 

3 


f<*o> 


+ 4f(xQ  + Ax) 


+ 2f(x  + 2 Ax)  + 4f (x  + 3 Ax) 
o o 

+ 2f(x  + 4 Ax)  + + 4f  (x  + (m-l)Ax) 

v o o 

+ f (xQ  + mAx) 

where  m must  be  an  even  number  and  4 or  greater.  The  subroutine  is 
listed  in  figure  10 (n)  of  this  report.  Referring  to  the  listing  and  the 
above  equation,  the  quantities  in  the  subroutine  parameter  list  are 

N m + 1 

F f (x) 

DX  Ax 

SUM  I 


11-20.  SUBROUTINE  SOROUT 

Subroutine  SOROUT  prints  a source  distribution  which  has  been  read  in 
for  one  of  the  axisymmetric  bodies,  the  fuselage,  rack,  or  a store.  A 
listing  of  the  subroutine  is  presented  in  figure  10 (n) . Eight  x/&  source 
locations  are  written  followed  by  the  source  strengths  for  these  locations. 
This  is  repeated  until  the  entire  distribution  has  been  printed.  The 
quantities  in  the  subroutine  parameter  list  are 

N number  of  sources 

X source  locations 

S source  strengths 
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11-21.  SUBROUTINE  STRIO 


Subroutine  STRIO  reads  and  prints  the  input  data  which  describe  and 
locate  all  of  the  stores  and  calculates  the  locations  of  the  tips  of  the 
noses  in  the  wing  coordinate  system.  A listing  of  the  subroutine  is 
presented  in  figures  10 (n)  and  10  (o) , a flow  chart  in  figure  II-9,  and  a 
table  equating  the  algebraic  and  program  notation  in  Table  II-8  of  this 
report.  The  wing  coordinate  system  is  shown  in  figure  2 of  reference  1. 

The  first  loop  in  the  subroutine  reads  in  data  for  each  store  including 
a shape  number,  NSHAPE(J),  and  applies  the  compressibility  correction  of 
section  3 of  reference  1.  The  input  data  are  then  printed.  The  next  main 
loop  of  the  routine  reads  in  the  source  distributions  and  assigns  the 
appropriate  one  to  each  of  the  stores.  At  the  end  of  this  loop  a check 
is  made  to  see  if  the  index  NCOUNT  is  equal  to  the  number  of  stores,  NSTRS . 

If  it  is  not,  source  distributions  have  not  been  input  for  all  of  the  shape 
numbers  in  the  NSHAPE  array.  This  causes  the  message  "source  distributions 
not  input  for  all  stores"  to  be  printed  and  the  program  stops.  The  last 
part  of  the  subroutine  locates  all  of  the  stores  in  the  wing  coordinate 
system.  Use  is  made  of  a number  of  quantities  calculated  in  subroutine 
WVLIN. 

The  variables  appearing  in  the  subroutine  parameter  list  are  all 
defined  in  Table  II-8  except  for  XBWOI  and  ZBWO.  These  two  variables  are 
not  used  and  could  be  omitted  here  and  in  card  6DA01256  of  the  main  program, 
see  figure  10(b) . 

11-22.  SUBROUTINE  STTOIN 

Subroutine  STTOIN  (see  fig.  10  (o)  for  a listing)  takes  a vector  with 
components  specified  in  the  store  x,y,z  coordinate  system  directions  and 
transforms  it  into  a vector  with  components  in  the  inertial  coordinate 

system  directions,  see  figure  9 of  reference  1.  That  is, 


S ~ 
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X 
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= [A] 
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y 

sr 

s 

C — 

— z — 

The  matrix  [A]  is  given  by  equation  (II-2)  of  reference  1 and  was  calcu- 
lated in  subroutine  DIRCOS. 
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In  terms  of  the  above  notation,  the  quantities  in  the  parameter  list 
of  the  subroutine  are 

X 
Y 
Z 

XI 
ETA 
ZETA 
DC 

11-23 . SUBROUTINE  THOUT 

Subroutine  THOUT  prints  the  slopes  of  the  wing  and  pylon  thickness 
distributions  which  were  read  in  as  items  16  and  21  of  the  input  data,  see 
section  4.2.1.  A listing  of  the  subroutine  is  presented  in  figure  10(o). 
The  variables  in  the  parameter  list  of  the  subroutine  are 

MS  number  of  wing  thickness  panels 

THETAL  array  containing  values  of  0 in  incompressible  space 

(see  fig.  5,  ref.  1) 

BETA  6 = V 1 - 

NCWS  number  of  thickness  panels  in  a chordwise  row  on  the  wing 

NPY  index  indicating  whether  a pylon  is  (NPY  =1)  or  is  not 

(NPY  = 0)  present 

MPS  number  of  pylon  thickness  panels 

THETPL  array  containing  values  of  0 in  incompressible  space 

(see  fig.  6,  ref.  1)  p 

MOPS  number  of  thickness  panels  in  a chordwise  row  on  the  pylon 

It  is  to  be  noted  that  the  values  of  0 and  0p  brought  into  the  sub- 
routine are  in  incompressible  space.  Before  printing,  they  are  transformed 
to  compressible  space  and  after  printing  returned  to  incompressible  space. 

A sample  of  the  output  from  this  subroutine  is  shown  in  figure  20(e). 
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11-24.  SUBROUTINE  THPVEL 

Subroutine  THPVEL  calculates  the  velocities  induced  at  a field  point 
X,Y,Z  by  the  pylon  thickness  distribution  using  equation  (25)  of  ref- 
erence 1.  This  equation  is  for  one  thickness  source  panel  and,  therefore, 
must  be  summed  over  all  panels  to  obtain  the  total  perturbation  velocity 
due  to  pylon  thickness.  A listing  of  the  subroutine  is  presented  in 
figures  10 (o)  and  10 (p) , a flow  chart  in  figure  IT-10,  and  a table  equating 
the  algebraic  and  program  notation  in  Table  II-9 . 

The  first  three  quantities  in  the  subroutine  parameter  list,  XC,  YC, 
and  ZC,  are  the  coordinates  of  the  point  X,Y,Z  at  which  the  velocities 
are  to  be  calculated.  The  variables  UP,  VP,  and  WP  are  the  u/Vm,  v/V^, 
and  w/V  perturbation  velocities  due  to  the  wing-pylon  vortex— lattice 
model  and  the  wing  and  pylon  thickness  distributions.  On  entry  into  the 
subroutine  they  are  the  values  excluding  pylon  thickness.  Just  before 
return  to  the  calling  program  these  velocities  are  added.  The  last  quan- 
tity in  the  subroutine  parameter  list,  JC,  is  not  used. 

The  subroutine  is  basically  a double  loop  which  sums  equation  (25)  of 
reference  1 over  all  of  the  thickness  source  strips.  The  outer  loop  sums 
over  the  span  and  the  inner  loop  over  the  chord  at  a given  spanwise  location. 
The  only  part  of  the  routine  requiring  explanation  is  that  which  begins  with 
card  6DA23  31  and  ends  with  card  6DA23  37.  Figure  6 of  reference  1 shows 
a line  swept  at  an  angle  ^pj_  with  respect  to  the  Z direction.  This 
line  lies  at  the  50-percent  chord  of  the  source  strip.  If  the  point  at 
which  the  velocities  are  to  be  calculated  lies  on  the  extension  of  this 
line  then  a limiting  form  of  equation  (25)  must  be  used.  This  situation 
exists  if 


where  F is  given  by  equation  (26)  of  reference  1.  The  limiting  form  of 
equation  (25)  is 
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11-25.  SUBROUTINE  THWVEL 

Subroutine  THWVEL  calculates  the  velocities  induced  at  a field  point 
X,Y,Z  by  the  wing  thickness  distribution  using  equation  (19)  of  ref- 
erence 1.  This  equation  is  for  one  thickness  source  panel  and,  therefore, 
must  be  summed  over  all  panels  to  obtain  the  total  perturbation  velocity 
due  to  wing  thickness.  A listing  of  the  subroutine  is  presented  in  figure 
10 (p),  a flow  chart  in  figure  11-11,  and  a table  equating  the  algebraic 
and  program  notation  in  Table  il- 10. 

The  first  three  quantities  in  the  subroutine  parameter  list,  XC,  YC, 
and  ZC,  are  the  coordinates  of  the  point  X,Y,Z  at  which  the  velocities 
are  to  be  calculated.  The  variables  UW,  VW,  and  WW  are  the  u/V^,  v/V^, 
and  w/Vro  perturbation  velocities  due  to  the  wing-pylon  vortex-lattice 
model  and  the  wing  thickness  distribution.  On  entry  into  the  subroutine 
they  are  the  values  excluding  wing  thickness.  Just  before  return  to  the 
calling  program  these  velocities  are  added.  The  last  quantity  in  the  sub- 
routine parameter  list,  JC,  is  not  used. 

The  subroutine  is  basically  a double  loop  which  sums  equation  (19) 
of  reference  1 over  all  of  the  thickness  source  strips.  The  outer  loop 
sums  over  the  span  and  the  inner  loop  over  the  chord  at  a given  spanwise 
location.  Inside  this  loop  is  another  loop  with  the  index  LSIDE.  When 
LSIDE  = 1,  the  velocities  due  to  the  i^^1  source  strip  on  the  left  wing 
panel  are  calculated.  When  LSIDE  = 2,  the  velocities  due  to  the  corres- 
ponding strip  on  the  right  wing  panel  are  calculated.  Since  all  of  the 
quantities  describing  the  strips  are  for  the  left  panel,  the  signs  on 
Y , y tan  and  cos  ^ are  changed  for  the  right  panel,  see  section 

4.2.3  of  reference  1 for  a further  discussion  of  this.  Upon  exiting  from 
the  LSIDE  loop  the  signs  are  returned  to  their  original  condition. 
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11-26.  SUBROUTINE  VELFLD 

Subroutine  VELFLD,  along  with  other  subroutines  which  it  calls,  cal- 
culates the  perturbation  velocities  at  a point  on  the  separated  store  due 
to  all  the  other  aircraft  components.  A listing  of  the  subroutine  is 
presented  in  figures  10 (p)  and  10(g),  a flow  chart  in  figure  11-12,  and  a 
table  equating  the  algebraic  and  program  notation  in  Table  11-11  of  this 

report.  The  quantities  in  the  parameter  list  of  the  subroutine  are  defined 
in  this  table. 

If  there  is  a fuselage  (NFU  = 1)  the  subroutine  calls  subroutine 
VELOC  to  calculate  the  perturbation  velocities  produced  by  the  source 
distribution  which  models  the  fuselage  volume.  Next,  two  checks  are 
made.  The  first  determines  whether  the  wing  is  near  the  bottom  of  the 
fuselage  and  the  second  determines  whether  the  yfi  coordinate  of  the  field 
point  is  greater  than  the  fuselage  radius.  If  either  of  these  tests  are 
passed  control  transfers  to  the  wing-pylon  flow  field  calculation.  if 
both  fail,  the  fuselage  angle-of-attack  induced  velocity  is  calculated 
using  equation  (39)  of  reference  1 and  if  there  is  no  pylon  (NPY  = 0)  or 
the  pylon  is  not  under  the  fuselage  centerline  the  wing-pylon  calculation 

is  bypassed.  If  there  is  a pylon  under  the  centerline  NCON  is  set  equal 
to  2 . 

The  next  section  of  the  subroutine  calculates  the  wing-pylon  induced 
velocities.  The  field  point  at  which  the  velocities  are  to  be  calculated 
is  located  m the  wing  coordinate  system,  the  X,Y,Z  system  of  figure  5 
of  reference  1,  and  then  subroutine  VLIVEL  is  called  to  calculate  the 
wing-pylon  induced  velocities.  Upon  return  from  the  subroutine  the  pertur- 
bation velocities  UF,  VF , and  WF  are  in  directions  parallel  to  X,Y, 
and  Z.  These  velocities  are  resolved  into  the  fuselage  coordinate  system 
and  added  to  the  fuselage  induced  perturbation  velocities . 

In  a similar  manner  the  perturbation  velocities  due  to  the  rack,  if 
one  is  present,  and  all  other  stores  present,  if  any,  are  added  in.  In 
all  cases  the  field  point  is  first  located  in  the  coordinate  system  of  the 
body  in  question,  the  velocities  calculated  in  subroutine  VELOC,  and  then 
resolved  into  the  fuselage  system  as  they  are  added  up. 

The  perturbation  velocities  have  been  summed  up  in  the  fuselage 
system  since  this  is  the  coordinate  system  to  which  the  compressibility 
correction  was  applied,  see  section  3 of  reference  1.  The  velocities  are 
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now  transformed  to  the  compressible  fuselage  coordinate  system  using  equa- 
tion (2)  of  that  reference.  Subroutine  INTOST  is  called  to  resolve  the 
velocities  into  the  separated  store  coordinate  system,  the  x,y,z  system 
shown  in  figures  8 and  9 of  reference  1.  The  fuselage  system  is  the 
£,n,£  system  shown  in  figure  9. 


11-27.  SUBROUTINE  VELOC 

Subroutine  VELOC  calculates  the  perturbation  velocities  induced  at  a 
field  point  of  an  axisymmetric  body  by  the  source  distribution  which  re- 
presents its  volume.  A listing  of  the  subroutine  is  presented  in  fig- 
ure 10(g)  and  a flow  chart  in  figure  11-13  of  this  report.  The  coordinate 
system  is  shown  in  figure  1 of  reference  1.  The  algebraic  notation  is 
defined  in  the  list  of  symbols  of  that  reference. 

The  quantities  in  the  subroutine  parameter  list  are. 

XtY,z  x,y,z  coordinates  of  the  field  point 

xg  array  containing  the  Xj.  locations  of  the 

N sources 

ss  array  containing  the  strengths,  of  the 

N sources 


NS 


N,  number  of  sources 


U,V,W 


u/Vro , v/Vm , and  w/V 
positive  in  the 


perturbation  velocities; 
x,y,z  directions,  respectively 


maximum  radius  of  axisymmetric  body 

At  the  beginning  of  the  subroutine  the  radial  location,  r,  of  the 
field  point  measured  perpendicular  to  the  x axis  is  calculated  and  the 
U/VM  perturbation  velocity  is  set  to  zero.  If  the  number  of  sources,  NS, 
is  zero,  v/V  and  w/V^  are  set  to  zero  and  control  returns  to  the  calling 
program.  If” this  is  not  the  case  the  radial  perturbation  velocity,  vr/Vro, 
is  set  to  zero  and  r is  compared  with  RMAX.  If  r is  less  than  or 
equal  to  RMAX,  the  possibility  exists  that  the  field  point  lies  inside 
the  body.  To  determine  whether  or  not  this  is  the  case,  the  value  of  the 
stream  function  f/Va  (called  PSI  in  the  subroutine)  is  calculated  using 

the  following  equation 
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j (x,r) 
V 


CO 


N 


k=l 


°k  r,  <*  - v 
4’v-l;  [(X-xk)j  + r=] 


1/2 


} 


If  the  value  of  is  negative  then  the  field  point  is  inside  the  body 

and  if  ip/Vm  = 0 then  the  point  lies  on  the  body  surface.  For  either  of 
these  situations  v/V^  and  w/Vm  are  set  to  zero  and  control  returns  to 
the  calling  program. 

If  the  field  point  lies  outside  the  body,  the  u/V  and  v /V  ner- 

co  go  rCJ- 

turbation  velocities  are  calculated,  using  the  following  eguations 


N 


u (x , r ) 
V 


vr  (x,r) 


- E 


(x  " xk> 


k=l 

N 


4lTV°o  [(X  - xk)  2 + r2j3/2 


■ i 


4ttV 


k=l 


^ (x  - xk) 2 + r2 j 3/: 


The  remainder  of  the  subroutine  resolves  into  components  in  the 

y and  z directions.  In  doing  this  the  signs  of  v/V^  and  w/V  are 
adjusted  to  reflect  the  quadrant  of  the  y-z  plane  in  which  the  field 
point  is  located. 


11-28.  SUBROUTINE  VLCOEF 

Subroutine  VLCOEF  calculates  the  coefficient  matrix  of  the  set  of 
simultaneous  equations  which  are  to  be  solved  to  determine  the  strengths 
of  the  vortices  in  the  wing-pylon  vortex-lattice  model,  see  section  4.2.2 
of  reference  1.  These  coefficients  are  the  multipliers  of  r /4ttV  in 
equations  (6)  and  (7)  of  reference  1.  A listing  of  the  subroutine  is 
presented  in  figures  10 (q)  and  10  (r)  , a flow  chart  in  figure  11-14,  and  a 
table  equating  the  algebraic  and  program  notation  in  Table  11-12  of  this 
report.  The  quantities  in  the  parameter  list  of  the  subroutine  are  defined 
in  this  table. 

The  subroutine  consists  of  four  double  DO  loops.  The  first  double 
loop,  the  212  loop,  calculates  the  coefficients  of  the  first  summation  on 
the  left-hand  side  of  equation  (6).  The  second  loop,  the  312  loop, 
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calculates  the  coefficients  of  the  second  summation.  The  remaining  two 
loops,  412  and  512,  calculate  the  coefficients  of  the  two  summations  in 
equation  (7) . If  there  is  no  pylon  (NPY  = 0)  or  if  the  pylon  is  under 
the  fuselage  centerline  (IP  = 1) , the  last  three  loops  are  bypassed. 

All  four  loops  calculate  the  coefficients  in  the  same  manner.  The 


th 


v—  control  point  is  first  located  with  respect  to  the  coordinate  system 
th 


of  the  nU11  vortex  on  the  left  wing  panel  or  pylon  and  also  with  respect 
to  the  coordinate  system  of  the  image  vortex  on  the  right  wing  panel  or 
pylon.  Then  subroutine  INFWW  is  called  twice  to  calculate  the  values  of 
F , F , and  F due  to  these  two  vortices.  Prior  to  calling  INFWW  the 
second  time  the  signs  of  the  sweep  and  dihedral  angles  are  changed  for 
the  reasons  discussed  on  page  14  of  reference  1.  After  this  second  cal- 
culation the  signs  are  returned  to  the  original  condition.  With  these 

values  of  F , F , and  F determined,  the  coefficient  is  then  calculated. 
v u v w 


11-29.  SUBROUTINE  VLIVEL 

Subroutine  VLIVEL  calculates  the  perturbation  velocities  at  a field 
point  due  to  the  wing-pylon  vortex-lattice  model  and  wing  and  pylon  thick- 
ness. The  methods  used  are  described  in  sections  4.2.2  and  4.2.3  of  ref- 
erence 1.  A listing  of  the  subroutine  is  presented  in  figure  10  (r) , a 
flow  chart  in  figure  11-15,  and  a table  equating  the  algebraic  and  program 
notation  in  Table  11-13  of  this  report.  The  quantities  in  the  parameter 
list  of  the  subroutine  are  defined  in  this  table. 

At  the  beginning  of  the  subroutine  the  three  variables,  UI,  VI, 
and  WI,  which  return  the  incompressible  wing-pylon  perturbation  velocities 
to  the  calling  program,  are  set  to  zero.  A check  is  next  made  on  the  value 
of  the  index  NCON.  If  it  is  equal  to  two  only  pylon  thickness  velocities 
are  to  be  calculated.  Subroutine  THPVEL  is  called  for  this  purpose. 

If  NCON  is  not  equal  to  two,  the  velocities  induced  at  the  field 
point  by  the  wing  vortex  lattice  are  first  calculated.  These  velocities 
are  given  by  equations  (8)  through  (14)  in  reference  1.  The  field  point 
is  first  located  with  respect  to  the  coordinate  system  of  the  n vortex 
on  the  left  wing  panel  and  also  with  respect  to  the  coordinate  system  of 
the  image  vortex  on  the  right  wing  panel.  Then  subroutine  INFWW  is  called 
twice  to  calculate  the  values  of  Fu,  Fv,  and  Fw  due  to  these  two 
vortices.  Prior  to  calling  INFWW  the  second  time  the  signs  of  the  sweep 
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and  dihedral  angles  are  changed  for  the  reasons  discussed  on  page  14  of 
reference  1.  After  this  second  calculation  the  signs  are  returned  to  the 
original  condition.  With  these  values  of  F , F , and  F determined, 
the  velocities  are  calculated  using  equation  (8) . The  value  of  ^n/Voo 
is  contained  in  the  CIR  array.  These  velocities  are  calculated  and  summed 
up  for  all  M wing  vortices. 

The  next  loop  in  the  program  calculates  the  velocities  due  to  the 
pylon  vortex  lattice  in  an  identical  manner.  This  calculation  is  not 
performed  when  NCP  equals  zero.  This  is  the  case  when  there  is  no  pylon. 

The  remainder  of  the  subroutine  calls  subroutines  THWVEL  and  THPVEL 
to  calculate  the  velocities  induced  by  the  wing  and  pylon  thickness 
distributions.  If  NCP  equals  zero  the  pylon  calculation  is  bypassed  since 
there  is  no  pylon. 


11-30.  SUBROUTINE  VLOUT 

Subroutine  VLOUT  prints  the  coordinates  of  the  wing-pylon  vortex- 
lattice  control  points  and  the  wing  twist  and  camber  distribution  which 
was  read  in.  These  quantities  are  for  the  actual  wing-pylon  combination, 
not  the  equivalent  incompressible  one,  and  are  in  the  wing  coordinate 
system  shown  in  figure  14  of  this  report.  A sample  of  the  output  produced 
by  this  subroutine  is  shown  in  figure  20(d).  A listing  of  the  subroutine 
is  presented  in  figure  10 (s). 

The  variables  in  the  subroutine  parameter  list  are: 


M 

NCW 

BETA 

PCX , PVY , 
PVZ 

ALPHAL 

NPY 

MPl 


number  of  wing  vortices 

number  of  wing  vortices  in  a chordwise  row; 
input,  item  11 

B = V 1 - M* 

V 00 

arrays  containing  the  x,y,z  coordinates  of 
the  wing  control  points  in  incompressible 
space  in  wing  coordinate  system 

array  containing  the  input  twist  and  camber 
distribution;  input,  item  14 

index  indicating  whether  a pylon  is  (NPY  = 1) 
or  is  not  (NPY  = 0)  present;  input,  item  4 

M + 1 
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MMP 


M + MP  where  MP  is  the  number  of  pylon 
vortices 


NCP 


number  of  pylon  vortices  in  a chordwise  row; 
input,  item  18 


PCPX , PVPY , 
PVPZ 


arrays  containing  the  x,y,z  coordinates  of 
the  pylon  control  points  in  incompressible 
space  in  wing  coordinate  system 


It  is  noted  that  the  x coordinates  of  the  control  points  are  transformed 
to  compressible  space,  using  equation  (1)  of  reference  1,  before  printing. 

11-31.  SUBROUTINE  VLRHS 

Subroutine  VLRHS  calculates  the  right-hand-side  vector  of  the  set  of 
simultaneous  equations,  equations  (6)  and  (7)  of  reference  1,  which  are 
to  be  solved  to  determine  the  strengths  of  the  vortices  in  the  wing-pylon 
vortex-lattice  model,  see  section  4.2.2  of  reference  1.  A listing  of  the 
subroutine  is  presented  in  figures  10  (s)  and  10 (t),  a flow  chart  in 
figure  11-16,  and  a table  equating  the  algebraic  and  program  notation  in 
Table  11-14  of  this  report.  The  quantities  in  the  parameter  list  of  the 
subroutine  are  defined  in  this  table. 

The  major  portion  of  this  routine  is  devoted  to  evaluating  the 
externally  induced  perturbation  velocities,  u.  , v.  , and  w.  , at  all 

X,V  1/ V 1 / V 

of  the  wing-pylon  control  points. 

The  first  section  calculates  the  fuselage  induced  velocities  if  a 
fuselage  is  present  (NFU  = 1) . The  velocities  induced  at  the  wing  control 
points  are  not  calculated  if  the  wing  lies  in  the  fuselage  x-y  plane. 

If  the  velocities  are  to  be  calculated,  the  control  point  associated  with 
an  area  element  is  located  in  the  fuselage  coordinate  system  (see  fig-  13) 
and  subroutine  VELOC  is  called  to  calculate  the  velocities  at  this  point. 
These  velocities  are  next  resolved  into  the  wing  coordinate  system  and 
added  to  the  UEI,  VEI,  and  WEI  arrays.  This  is  repeated  for  all  M 
control  points.  If  there  is  a pylon,  NPY  = 1,  and  the  pylon  is  not  under 
the  fuselage  centerline,  IP  > 1 , the  same  procedure  is  followed  for  the 
MP  pylon  control  points.  If  the  pylon  is  below  the  fuselage  centerline, 
the  calculation  is  not  performed  since  only  the  lateral,  v^,  velocity 
appears  in  the  boundary  condition  (see  eq.  (7) , ref.  1).  In  the  yg 
equal  zero  plane  v^  due  to  the  fuselage  is  zero. 
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The  next  loop  in  the  subroutine  repeats  the  calculation  for  the 
ejector  rack  if  one  is  present,  NRACK  = 1.  Only  velocities  induced  by 
the  rack  at  the  wing  control  points  are  calculated.  The  rack  is  assumed 
to  be  immediately  below  the  pylon  and  thus  induces  no  lateral  velocity  at 
the  pylon  control  points. 

The  perturbation  velocities  induced  by  all  of  the  stores  are  next 
calculated  in  the  same  manner  as  for  the  fuselage  and  rack.  In  this 
calculation,  velocities  induced  by  the  stores  at  the  pylon  control  points 
are  not  calculated  when  the  pylon  is  located  below  the  fuselage  centerline, 
IP  = 1.  The  fuselage  x_  - zD  plane  is  a vertical  plane  of  symmetry  and 
thus  any  stores  on  one  side  of  this  plane  are  assumed  to  have  images  on 
the  other  side  of  the  plane.  The  lateral  velocities  induced  would  thus 
be  equal  and  opposite  in  sign  and  cancel  each  other. 

If  a pylon  is  present,  NPY  = 1,  its  thickness  distribution  produces 
perturbation  velocities  at  the  wing  control  points.  Subroutine  THPVEL  is 
next  called  for  each  of  the  M wing  control  points  for  the  purpose  of 
calculating  these  velocities  and  adding  them  to  the  UEI , VEI,  and  WEI 
arrays.  Similarly,  subroutine  THWVEL  is  called  to  calculate  the  wing 
thickness  perturbation  velocities  at  the  MP  pylon  control  points.  This 
calculation  is  bypassed  when  the  pylon  is  below  the  fuselage  centerline 
since  the  net  lateral  velocity  due  to  the  two  wing  panels  is  zero  in  the 
xR  - zB  plane. 

The  last  two  loops  in  the  subroutine  calculate  the  right-hand  sides 
of  equations  (6)  and  (7)  of  reference  1.  Note  that  these  equations  have 
been  multiplied  by  4tt,  thus  the  factor  12.566371  in  the  subroutine. 

11-32.  SUBROUTINE  VSTOUT 

Subroutine  VSTOUT  prints  the  coordinates  of  the  wing-pylon  vortex- 
lattice  control  points,  the  perturbation  velocities  induced  at  these 
points  by  all  of  the  other  aircraft  components  (these  were  calculated  in 
subroutine  VLRHS) , and  the  vortex  strengths  which  were  determined  by 
solving  the  set  of  simultaneous  equations  given  by  equations  (6)  and  (7) 
of  reference  1.  The  quantities  brought  into  the  subroutine  are  in  incom- 
pressibile  space.  Therefore,  the  compressibility  correction  of  section  3 
of  reference  1 is  applied  just  before  printing  so  that  the  compressible 
values  are  tabulated.  A sample  of  the  output  produced  by  this  subroutine 
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is  shown  in  figure 
shown  in  figure  14 
figure  10  (t) . 

20(g)  of  this  report.  The  wing  coordinate  system  is 
and  a listing  of  the  subroutine  is  presented  in 

The  variables 

in  the  subroutine  parameter  list  are: 

M 

number  of  wing  vortices 

NCW 

number  of  wing  vortices  in  a chordwise  row; 
input,  item  11 

BETA 

3 = V 1 - m* 

BETASQ 

B2 

UEI,VEI, 

WEI 

arrays  containing  incompressible  perturbation 
velocities  at  the  wing-pylon  vortex-lattice 
control  points;  u./V^,  Vj/voo/  and  wj/Voo  appearing 
in  equations  (6)  knd  (7;  of  reference  1 

CIR 

array  containing  the  incompressible  vortex  strengths; 
I^/V^  in  equations  (6)  and  (7)  of  reference  1 

PCX , PVY , 
PVZ 

arrays  containing  the  x,y,z  coordinates  of  the 
wing  control  points  in  incompressible  space  in 
wing  coordinate  system 

NPY 

index  indicating  whether  a pylon  is  (NPY  = 1)  or 
is  not  (NPY  = 6)  present;  input,  item  4 

MPl 

M + 1 

MMP 

M + MP  where  MP  is  the  number  of  pylon  vortices 

NCP 

number  of  pylon  vortices  in  a chordwise  row;  input, 
item  18 

PCPX , PVPY , 
PVPZ 

arrays  containing  the  x,y,z  coordinates  of  the 
pylon  control  points  in  incompressible  space  in 
wing  coordinate  system 

11-33.  SUBROUTINE 

WTHIN 

Subroutine  WTHIN  reads  in  the  wing  thickness  data  and  calculates 
certain  quantities  which  characterize  each  of  the  wing  thickness  source 
strips.  The  wing  thickness  model  is  discussed  in  section  4.2.3  of  ref- 
erence 1.  The  coordinate  system  and  angle  convention  are  shown  in  fig- 
ure 5 of  that  reference.  A listing  of  the  subroutine  is  presented  in 
figure  10 (t) , a flow  chart  in  figure  11-17,  and  a table  equating  the 
algebraic  and  program  notation  in  Table  11-15  of  this  report. 
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The  number  of  strips  in  a chordwise  row,  NCWS,  is  first  read  in  along 
with  an  index,  NUNIS,  which  indicates  whether  the  thickness  distribution 
is  similar  at  all  spanwise  stations.  If  it  is  similar,  NUNIS  = 1,  the 
values  of  0 are  read  in  for  the  first  row  and  then  the  values  of  0 for 
the  other  rows  are  set  equal  to  those  of  the  first  row.  If  the  thickness 
distribution  is  not  similar,  NUNIS  = 0,  the  values  of  0 for  all  rows  are 
read  in.  The  last  step  in  this  section  of  the  subroutine  applies  the 
compressibility  correction  of  section  3 of  reference  1 to  the  values  of  0 . 

The  remainder  of  the  subroutine  calculates  certain  quantities  associ- 
ated with  each  thickness  source  strip  which  appear  in  equations  (18) 
through  (20)  of  reference  1.  These  are 


AX.  , tan  if; . , X , Z 

l Ti  c i 


0 AX . cos  Ui . 

l l 

2tt 


The  variables  appearing  in  the  subroutine  parameter  list  are  all 
defined  in  Table  11-15. 


11-34.  SUBROUTINE  WVLIN 

Subroutine  WVLIN  reads  in  the  wing  vortex-lattice  data  and  calculates 
quantities  from  these  data  which  locate  and  describe  the  horseshoe  vortices. 
The  vortex-lattice  model  is  described  in  section  4.2.2  of  reference  1.  The 
coordinate  system  is  shown  in  figure  2 of  that  reference.  A listing  of 
the  subroutine  is  presented  in  figure  10 (u),  a flow  chart  in  figure  11-18, 
and  a table  equating  the  algebraic  and  program  notation  in  Table  11-16  of 
this  report.  All  of  the  quantities  appearing  in  the  subroutine  parameter 
list  are  defined  in  this  table. 

The  first  part  of  the  subroutine  reads  data  which  are  required  to 
describe  the  wing  and  to  lay  out  the  horseshoe  vortices.  Next  the  wing 
twist  and  camber  distribution,  if  any,  is  read.  Two  indices,  NT AC  and 
NUNI,  are  first  input.  If  NTAC  = 0 there  is  no  twist  and  camber.  The 
index  NUNI  indicates  whether  the  twist  and  camber  distribution  is  similar 
at  all  spanwise  stations.  If  it  is  similar,  NUNI  = 1,  the  values  of 
tan  a ^ are  read  in  for  the  first  row  and  then  the  values  of  tan  a for 
the  other  rows  are  set  equal  to  those  of  the  first  row.  If  the  thickness 
distribution  is  not  similar,  NUNI  = 0,  the  values  of  tan  a . for  all  rows 
are  read  in.  Following  this  the  compressibility  correction  of  section  3 


165 


of  reference  1 is  applied  to  the  wing  root  chord,  leading-  and  trailing- 
edge  sweep  angles,  and  twist  and  camber  distribution. 

The  remainder  of  the  subroutine  calculates  quantities  which  describe 
the  wing  segments,  the  horseshoe  vortices,  and  the  control  points.  This 
is  done  in  a double  DO  loop.  The  quantities  associated  with  the  wing 
segment  are  calculated  in  the  outer  loop  and  are  the  X,Y,Z  coordinates, 
the  dihedral  angle,  and  the  local  chord  at  the  midspan  and  the  left-hand 
side.  In  the  inner  loop,  quantities  describing  each  wing  area  element 
and  associated  horseshoe  vortex  are  calculated.  The  first  quantities 
calculated  are  the  planform  plane  sweep  angles  of  the  1/4  and  3/4  chord 
lines  of  the  area  element,  the  dihedral  angle,  the  chordal  plane  1/4  chord 
sweep  angle,  and  the  chordal  plane  semispan.  The  bound  leg  of  a vortex 
lies  on  the  1/4  chord  line  of  the  area  element.  The  X,Y,Z  coordinates 
of  the  midspan  of  the  bound  leg  are  next  calculated.  The  control  point 
lies  at  the  midspan  of  the  3/4  chord  line  of  the  area  element.  The  X 
coordinate  of  this  point  is  calculated.  The  Y and  Z coordinates  of 
the  control  point  are  the  same  as  for  the  bound-leg  midpoint.  The  last 
three  quantities  calculated  in  the  loop  are  the  X,Y,Z  coordinates  of 
the  intersection  of  the  3/4  chord  line  with  the  left,  or  outboard  side, 
of  the  area  element. 

Just  before  returning  to  the  calling  program,  the  span  and  average 
chord  of  the  incompressible  wing  are  calculated. 
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TABLE  II-l 


DICTIONARY  OF  NOTATION  IN  MAIN  PROGRAM 


The  following  list  presents  most  of  the  variable  names  used  in  the 
main  program.  Those  which  appear  in  parameter  lists  of  subroutines  but 
are  not  used  in  the  main  program  are  not  included.  Where  possible  a 
variable  name  is  identified  by  a symbol  in  the  list  of  symbols  or  an 
equation  number  in  reference  1.  Where  a variable  is  an  input  quantity, 
it  is  so  identified  and  section  4.2.1  of  this  report  should  be  referred 
to  for  the  definition.  Primes  associated  with  the  algebraic  notation 
indicate  incompressible  space  (see  section  3 of  ref.  1) . The  x ,y  ,z 
coordinate  system  is  shown  in  figure  13  of  this  report. 

PROGRAM 


NOTATION 

ALGEBRAIC  NOTATION 

ACCG 

g,  32.174  feet/second 

ALFAC 

, degrees;  input,  item  3 

ALFACR 

af,  radians 

ALFAI 

a^,  degrees 

ALFAIR 

a£,  radians 

ALFWIR 

angle  of  attack  of  wing  in  incompressible  space 

BETA 

6 

CA 

CA;  input,  item  36 

CAPG 

cos(af  + yf) 

CDC 

Cd  ; input , item  3 6 
c 

CIR(N) 

r '/V 
n “ 

CLALPH 

lift-curve  slope  of  tail  panels; 

input,  item  38 

CLLEM 

(Co)  , equations  (62)  and  (1-30) 
and  (1-52) 

or  equations  (I 

CLMBY 

(cm)BY'  ecIuation  (44) 

CLMCF 

( Cm ) cp  t equation  (53) 
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Table  II-l.-  Continued 

CLMEM 

(C  )_,  equation  (60) 
m E 

CLMSB 

(C  )„_,  equation  (48) 
in  od 

CLNBY 

(Cn)  BY ' ec2uation  (45) 

CLNCF 

(Cn)  CF ' equation  (54) 

CLNEM 

(Cn)E,  equation  (61) 

CLNSB 

(cn) sb ' equation  (49) 

CNBY 

((Vby'  ecJuation  (42) 

CNCF 

(Cn)Cf'  equation  (51) 

CNEM 

(Cn)e,  equation  (58) 

CNORM 

total  CN 

CNSB 

(cn)Sb'  equation  (46) 

COEF (I , J)  coefficients  of  polynomials  specifying  separated  store 


shape;  input,  item  35 


COSSPS(I) 

cos  t|>.  for  a 

pylon  thickness  panel 

COSSWS (I) 

cos  for  a 

wing  thickness  panel 

CPITCH 

total  C 

m 

CRIIR 

cos (RIIR) 

CROLL 

total 

CSIBCR(N) 

cos (SIBCR(N) ) 

CSIBIR(N) 

cos (SIBIR (N) ) 

CSIDE 

total  Cy 

CSIIR(N) 

cos (SIIR(N) ) 

CWICR 

cos  (WICR) 

CWIIR 

cos (WIIR) 

CYAW 

total  C 

n 

CYBY  (Cy)By,  equation  (43) 

CYCF  (Cy)cp,  ec3uation  ^52) 
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Table  II-l.-  Continued. 


CYEM 

CYSB 

(C  )„,  equation  (59) 

Y E 

(Cy) sb ’ equation  (47) 

DC ( I , J) 

[A] , equation  (28) 

DDTIME 

input  value  of  integration  interval;  set  equal  to 
DTIME  of  item  40 

DELX 

length  of  body  segment  used  in  force  calculation 

DELXI 

DELX  in  incompressible  space 

DTIME 

current  value  of  integration  interval 

DTR 

degrees  to  radians  conversion  factor,  1/57.29578 

DVAR(N) , 

N = 1 , 2 , • . . 12 

£#n#C#P»qrr,5,Ti»?#$»0f*  respectively 

EDRDX(I). 

ERAD(I) 

t h, 

da/dxs  at  the  midpoint  of  the  i segment  of  the 

separated  store 

a at  the  midpoint  of  the  i segment  of  the 

separated  store 

ESTLGC 

l of  separated  store 

ESTLGI 

SL's  of  separated  store 

ESTRMX 

EXST(I) 

a of  separated  store 

max 

i. 

x location  of  the  i half  segment  on  the  separated 

Itore 

FINSS 

tail  fin  semispan;  input,  item  38 

FIXX 

I 

XX 

FIXY 

Txy 

FIXZ 

FIYY 

>1 

>1 

H 

FIYZ 

1 yz 

FIZZ 

I«« 

FLTHC 

fuselage  length;  input,  item  5 

FLTHI 

fuselage  length  in  incompressible  space 
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Table  II-l.-  Continued. 


FMACH 

M^;  input,  item  3 

FRMAX 

fuselage  maximum  radius;  input,  item  5 

FSOR(N) 

array  containing  the  strengths  of  the  fuselage  source 
distribution 

FXL(N) 

array  containing  the  x^  positions  of  the  fuselage 
sources 

GAMF 

fuselage  flight  path  angle,  yf;  input,  item  3 

GXX , GYY , GZ  Z 

gx,gy,gz'  e<3uation 

IP 

pylon  location  specification;  input,  item  17 

IPLNR 

empennage  type;  input,  item  37 

M 

number  of  vortices  on  wing,  M = NCW*MSW 

MMP 

M + MP 

MP 

number  of  vortices  on  pylon,  MP  = NCP*MSP 

MPS 

number  of  pylon  thickness  panels,  MPS  = NCPS*MSP 

MP1 

M + 1 

MS 

number  of  wing  thickness  panels,  MS  = NCWS*MSW 

MSF 

input,  item  37 

MSP 

input,  item  18 

MSW 

input,  item  11 

NCP 

input,  item  18 

NCPS 

input,  item  20 

NCW 

input,  item  11 

NCWS 

input,  item  15 

NDAMP 

input,  item  31 

NDIFEQ 

control  index  used  in  subroutine  ADAMS 

NEJECT 

number  of  store  being  separated;  input,  item  31 

NEJSTR 

subscript  associated  with  separated  store, 
1 < NEJSTR  < NSTRS 
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Table  II-l.-  Continued. 


NEMP 

input,  item  31 

NEQ 

number  of  differential  equations  being  integrated  by 
subroutine  ADAMS;  NEQ  = 12 

NFSOR 

number  of  fuselage  sources;  input,  item  6 

NFU 

input , item  4 

NGAM 

input,  item  31 

NHSEG 

number  of  points  along  store  axis  where  velocity  field 
is  to  be  calculated;  NHSEG  = 2*NSEG  + 1 

NHSEGO 

number  of  points  along  store  axis  ahead  of  separation 
point  where  velocity  field  is  to  be  calculated; 
NHSEGO  = 2*NSEGX0  + 1 

NPOLY 

input,  item  31 

NPY 

input,  item  4 

NRACK 

input,  item  4 

NROLL 

input,  item  31 

NRSOR 

number  of  rack  sources;  input,  item  23 

NSEG 

input,  item  31 

NSEGXO 

input,  item  31 

NSTRS 

input,  item  4 

NUMSTR(I) 

number  associated  with  ith  store;  input,  item  26 

PI 

tt  , 3.1415927 

PHIROL 

fin  orientation;  input,  item  38 

QSREF 

q°°sSR 

QSREFL 

q“sSRJlR 

QSTORE 

q , equation  (69) 

RAD 

radians  to  degrees  conversion  factor,  57.29578 

RADAV 

average  body  radius  in  fin  region;  input,  item  38 

REFL 

% , equation  (72) 
K. 
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Table  II-l.-  Continued. 


RHO 

p^;  input,  item  3 

RIC 

rack  incidence  angle;  input,  item  22 

RII 

rack  incidence  angle  in  incompressible  space,  degrees 

RIIR 

rack  incidence  angle  in  incompressible  space,  radians 

RLTHC 

rack  length;  input,  item  22 

RLTHI 

rack  length  in  incompressible  space 

RRMAX 

maximum  rack  radius;  input,  item  22 

RSOR(N) 

array  containing  the  strengths  of  the  rack  source 
distribution 

RXL(N) 

array  containing  the  axial  locations  of  the  rack  sources 

SAPG 

sin(af  + yf) 

SIBCR(I) 

incidence  angle  of  ith  store  relative  to  fuselage 
axis,  radians;  (WIC  + SIC(I))*DTR 

SIBIR(I) 

incidence  angle  of  i^^  store  relative  to  fuselage  axis 
in  incompressible  space;  radians;  WIIR  + SIIR(I) 

SIC(I) 

incidence  angle  of  the  store;  input,  item  26 

SII(I) 

i.  -L 

incidence  angle  of  i store  relative  to  wing  root- 

chord  in  incompressible  space,  degrees 

SIIR(I) 

incidence  angle  of  i store  relative  to  wing  root- 

chord  in  incompressible  space,  radians 

SINSPS (I) 

sin  for  a pylon  thickness  panel 

SINSWS (I) 

sin  for  a wing  thickness  panel 

SLTHC(I) 

length  of  i n store;  input,  item  26 

SLTHI (I) 

length  of  ith  store  in  incompressible  space 

SMASS 

m,  mass  of  separated  store;  input,  item  32 

SREF 

Sr,  equation  (70) 

SRMAX(I) 

maximum  radius  of  i^*1  store 

SSIBCR(I) 

sin (SIBCR (I) ) 

SSIBIR(I) 

sin (SIBIR ( I ) ) 
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SSIIR(I) 

SWICR 

SWIIR 

TIME 

TIMEF 

TIMEI 

UU 

VAR  (N)  , 

N = 1,2,  . . .12 

VINF 

VSTORE 

VZERO 

WIC 

WICR 

WII 

WIIR 

ww 

XBAR 

XBASEI 

XBPO 

XBPOI 

XBRO 

XBROI 

XBSO(I) 

XBSOI (I) 

XBWOC 


Table  II-l.-  Continued. 

sin(SIIR(I) ) 
sin (WICR) 
sin (WIIR) 

t,  current  value  of  time 
final  time;  input,  item  40 
initial  time;  input,  item  40 

*o 

£/n/£fP,q,r,£,n,Cd,0/$  respectively 

V^;  input,  item  3 
VCOs,  equation  (41) 
input,  item  39 

wing  incidence  angle,  degrees;  input,  item  9 
wing  incidence  angle,  radians 

wing  incidence  angle  in  incompressible  space,  degrees 
wing  incidence  angle  in  incompressible  space,  radians 

*o 

x;  input,  item  33 

K coordinate  of  separated  store  base  at  t = 0 
xB  coordinate  of  leading  edge  of  pylon  root  chord 

x*  coordinate  of  leading  edge  of  pylon  root  chord 

Xg  coordinate  of  tip  of  rack  nose 

x*  coordinate  of  tip  of  rack  nose 

B 

th 

xB  coordinate  of  tip  of  nose  of  l store 

i th 

x*  coordinate  of  tip  of  nose  of  i store 
B 

x coordinate  of  wing  root-chord  leading  edge;  input, 
“item  9 
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Table  II-l.-  Continued. 


XBWOI 

XCGI 

x'  coordinate  of  wing  root-chord  leading  edge 
B 

5 coordinate  of  separated  store  moment  center  at  t = 0 

XEND(N) 

end  points  of  polynomials  specifying  separated  store 
shape;  input,  item  34 

XLEL(I) 

x'  coordinate  of  local  wing-chord  leading  edge  measured 
relative  to  root-chord  leading  edge 

XMOM 

XNOSEI 

x ; input,  item  33 

s ,m 

£ coordinate  of  tip  of  separated  store  nose  at  t = 0 

XP 

x'  coordinate  of  pylon  root-chord  leading  edge  measured 
relative  to  wing  root-chord  leading  edge 

XPC 

x coordinate  of  pylon  root-chord  leading  edge  measured 
relative  to  wing  root-chord  leading  edge 

XRNC 

input,  item  22 

XRNI 

value  of  XRNC  in  incompressible  space 

XSEP 

xs,o 

XTAIL 

input,  item  38 

XWRO 

x coordinate  of  tip  of  rack  nose  measured  from  wing 
root-chord  leading  edge 

XWROI 

XWSO(I) 

value  of  XWRO  in  incompressible  space 

x coordinate  of  tip  of  nose  of  i store  measured 

from  wing  root-chord  leading  edge 

XWSOI (I) 

value  of  XWSO(I)  in  incompressible  space 

YBAR 

y;  input,  item  33 

YBASEI 

X]  coordinate  of  separated  store  base  at  t = 0 

YBPO 

y coordinate  of  pylon 

B 

YBRO 

YBSO(I) 

YCGI 

y^  coordinate  of  rack 

th 

y coordinate  of  i store 

B 

n coordinate  of  separated  store  moment  center  at  t = 0 

YNOSEI 

ri  coordinate  of  tip  of  separated  store  nose  at  t — 0 

YWRO 

y location  of  rack  in  wing  coordinate  system 
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Table  II-l.-  Concluded. 


Z(I) 

ZBAR 

ZBASEI 

ZBPO 

ZBRO 

ZBSO(I) 

ZB  WO 

ZCGI 

ZLEL(I) 

ZNOSEI 

ZP 

ZRN 

ZWRO 


input,  item  19 

z;  input,  item  33 

C coordinate  of  separated  store  base  at  t = 0 

z coordinate  of  pylon  root-chord  leading  edge 

z_  coordinate  of  tip  of  rack  nose 
B 

ZB  coordinate  of  tip  of  nose  of  i*'*1  store 

z coordinate  of  wing  root-chord  leading  edge;  input, 
Bitem  9 

£ coordinate  of  separated  store  moment  center  at  t = 0 

z coordinate  of  local  wing-chord  leading  edge  measured 
relative  to  root-chord  leading  edge 

£ coordinate  of  tip  of  separated  store  nose  at  t = 0 

z coordinate  of  pylon  root-chord  leading  edge  measured 
relative  to  wing  root-chord  leading  edge 

input,  item  22 

z location  of  tip  of  rack  nose  measured  relative  to 
wing  root-chord  leading  edge 
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TABLE  I I- 2 


DICTIONARY  OF  NOTATION  IN  SUBROUTINE  EMPFOR 

The  following  list  presents  most  of  the  variable  names  used  in  sub- 
routine EMPFOR.  Where  possible  a variable  name  is  identified  by  a symbol 
in  the  list  of  symbols  or  an  equation  number  in  reference  1.  Symbols  in 
figures  8 and  10  of  that  reference  are  also  used.  Where  a variable  is  an 
input  quantity,  it  is  so  identified  and  section  4.2.1  of  this  report 
should  be  referred  to  for  the  definition.  The  xb'Yb'ZB  coordinate  system 
is  shown  in  figure  13  of  this  report. 


PROGRAM 

NOTATION 

ALGEBRAIC  NOTATION 

ABU 

a + 3 / equations  (I- 
u u 

■28)  and  (1-37) 

ALFACR 

a^,  radians 

ANG 

4>f,  radians  (fig.  10) 

AS 

o tg,  equation  (1-16) 

BETA 

6 

BS 

3 , equation  (1-20) 

CCL3 (K) 

(cc^)3  and  (cc^),,  , equations  (1-14)  and  (1-19)  ; equal 
since  s^  = sv 

CCL5 (K) 

(cc£)5  if  planar  empennage,  equation  (1-29) ; (cc»)6 

cruciform  empennage,  equations  (1-38)  and  (1-51) 

CCLEM 

(Co)„,  equations  (62) 
and* (1-52) 

and  (1-30)  or  equations  (63) 

CLMEM 

(C  )„,  equation  (60) 
in  E 

CLNEM 

^Cn^E'  ec3uat^on  (61) 

CNEM 

(CN)E,  equation  (58) 

CYEM 

(Gy) £ t equation  (59) 

DTR 

degrees  to  radians  conversion  factor,  1/57.29578 

FCONA 

(dCL/da)H/ir(sh  - a)  2 

FCONB 

FCONA/ £r 
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Table  II-2.-  Continued. 


FCONC 

*f  - xs ,m'  £igure  8 

FROLE (K) 

<f>f  + 90°  for  fin  1,  <j>f  + 270°  for  fin  2,  <t>f  + 180° 
for  fin  3,  <j>f  for  fin  4;  radians;  see  figure  10 

IPLNR 

empennage  type;  input,  item  37 

IT 

body  segment  number  at  which  the  empennage  forces  act 

JMAX 

number  of  tail  fins 

MSF 

input,  item  37 

NDAMP 

input,  item  31 

NGAM 

input,  item  31 

NHSEG 

number  of  points  along  store  axis  where  velocity  field 
was  calculated 

NROLL 

input,  item  31 

PHIROL 

(J>£ ; input,  item  38 

RADAV 

average  body  radius  in  fin  region;  input,  item  38 

RFIN(K) 

a + (msf  ^t)Csh  - or  a +(msf  - l)0v  - a)  ! 

figure  10  with 

UTL  (K,  J) 

U*  at  the  kth  control  point  on  the  jth  fin 
s 

VAR(N) 

N = 1,2,  . . .12 

t,r i,CrPfqFr,C»n»C#» respectively 

VINF 

V ; input,  item  3 

CO 

VN(K, J) 

th 

velocity  normal  to  the  surface  of  the  j fin  at  the 

k control  point 

VO 

V AoOgf  306  figUre  10 

VRATIO 

V /V 

v 00/  COg 

VSO 

V*  in  the  y direction  of  figure  10 

s s 

VSTORE 

V00s,  equation  (41) 

VTL (K , J) 

V*  at  the  kth  control  point  on  the  jth  fin 
s 

WO 

W /Voo  , see  figure  10 
o s 
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Table  II-2.-  Concluded, 


WSO 

WTL(K, J) 

XB 

XMOM 
XT  AIL 
YB 

YTAIL  (K,  J) 
ZB 

ZTAIL (K, J) 


W*  in  the  z direction  of  figure  10 
s s 

x.  4”  V\ 

W*  at  the  control  point  on  ^he  j fin 

x*  coordinate  of  a fin  control  point  in  incompressible 
^space 

xg  input,  item  33,  positive  quantity 
input,  item  38 

y coordinate  of  a fin  control  point 
B 

y coordinate  of  the  control  point  on  the 

sf  in 

z_  coordinate  of  a fin  control  point 

13 

z coordinate  of  the  control  point  on  the 

sf  in 
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TABLE  I 1-3 


DICTIONARY  OF  NOTATION  IN  SUBROUTINE  EMPINI 


The  following  list  presents  most  of  the  variable  names  used  in  sub 
routine  EMPINI.  Where  possible  a variable  name  is  identified  by  a symbol 
in  the  list  of  symbols  or  an  equation  number  in  reference  1.  Symbols  in 
figures  8 and  10  of  that  reference  are  also  used.  Where  a variable  is  an 
input  quantity,  it  is  so  identified  and  section  4.2.1  of  this  report 
should  be  referred  to  for  the  definition. 


PROGRAM 

NOTATION 

AKKl 

AKl 

ARG3 

A2 

A4 

BETA 
CAPRSQ 
CCL3 (K) 

CCL5 (K) 
CK 

CKCK 

CTWGAM 

CTWTHE 

DTR 

EAK 

EPI02K 

FAK 


ALGEBRAIC  NOTATION 
K{ki) , equation  (1-43) 

, equation  (1-42) 

A , equation  (1-44) 
a2,  figure  10 
a4,  figure  10 

3 

R2,  equation  (1-39) 

(cc£ )3  and  (cc^)4  , equations  (1-14)  and  (1-19);  equal 
since  s^  = s^ 

( cc ^ ) 5 if  planar  empennage,  equation  (1-29);  (cc£)6 

if  cruciform  empennage,  equations  (1-38)  and  (1-51) 

V 1 - AKl* AKl  = V 1 " ki 
1 - k* 

cos  2y,  equation  (1-41) 
cos  20,  equation  (1-40) 

degrees  to  radians  conversion  factor,  1/57.29578 
E(A1,kJ),  equation  (1-49) 

E(fr/2,k  ),  equation  (1-48) 

FfAj/kj),  equation  (1-47) 
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Table  II-3.-  Concluded. 


FCONA 

(dCL/da)H/ir  (sh  - a)  2 

FCONB 

FCONA/&- 

K 

FCONC 

- x , figure  8 

f s ,m  y 

FINSS 

tail  fin  semispan;  input,  item  38 

FROLE(K) 

+ 90°  for  fin  1,  (j>f  + 270°  for  fin  2,  <j>f  + 180° 
for  fin  3,  <j)f  for  fin  4;  radians;  see  figure  10 

IPLNR 

empennage  type;  input,  item  37 

JMAX 

number  of  tail  fins 

MSF 

input,  item  37 

NROLL 

input,  item  31 

PHIROL 

4>^;  input,  item  38 

RADAV 

average  body  radius  in  fin  region;  input,  item  38 

RFIN(K) 

a +(msf  - l)(sh  - a)  or  a +(MSF  . i)  (sv  - a)  ; 

figure  10  with  s^  = sv 

SHS 

s2 

sh 

STWGAM 

sin  2y,  equations  (1-41)  and  (1-42) 

TO  VP  I 

2/tt 

TTWGAM 

tan  2y,  equations  (1-41)  and  (1-42) 

TWOTHE 

20,  equation  (1-40) 

XTAIL 

input,  item  38 

XTAILI 

XTAIL  in  incompressible  space 

YTAIL (K,  J) 

y coordinate  of  the  k***1  control  point  on  the 

s fin 

ZTAIL (K,  J) 

th  t h 

z coordinate  of  the  k control  point  on  the  j 

s fin 
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TABLE  I 1-4 


DICTIONARY  OF  NOTATION  IN  SUBROUTINE  FORCE 


The  following  list  presents  most  of  the  variable  names  used  in  sub- 
routine FORCE.  Where  possible  a variable  name  is  identified  by  a symbol 
in  the  list  of  symbols  or  an  equation  number  in  reference  1.  Where  a 
variable  is  an  input  quantity,  it  is  so  identified  and  section  4.2.1  of 
this  report  should  be  referred  to  for  the  definition.  Primes  associated 
with  the  algebraic  notation  indicate  incompressible  space  (see  section  3 


of  ref . 1) . 
report . 

PROGRAM 

NOTATION 

The  xn,yD,zD  coordinate  sys 
Jd  ±5  Jd 

ALGEBRAIC  NOTATION 

ALFACR 

, radians 

BETA 

3 

CDC 

Cr\  ; input,  item 
c 

36 

CLMBY 

(Cm) BY'  eciuation 

(44) 

CLMCF 

(Cm)CF,  equation 

(53) 

CLMSB 

(Cm)  SB ' equation 

(48) 

CLNBY 

(cn)  by'  equation 

(45) 

CLNCF 

(cn) cf'  equation 

(54) 

CLNSB 

(Cn>  SB'  e<Juation 

(49) 

CNBY 

(cn)BY'  equation 

(42) 

CNCF 

(CN) cp,  equation 

(51) 

CNSB 

(CN}SB'  e<3uation 

(46) 

CNX(NN) 

total  dCN/dxs  at  the 
segment 

CON  A 

2/a2 
/ max 

CONB 

2c/3  /Tra2 
ac  max 
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Table  II-4.-  Continued. 


CRIFI 

cosine  of  the  angle  between  the  rack  longitudinal  axis 
and  the  fuselage  longitudinal  axis  in  incoinpressible 
space;  measured  in  xg'zB  Plane 

CYBY 

(cVby'  ecIuation  (43) 

CYCF 

<cy) CF ' e<3uation  (52) 

CYSB 

CYX(NN) 

(Cy)  sb'  equat1011  (47> 

t h 

total  dCy/dXg  at  the  midpoint  of  the  NN  body 

segment 

DC (I, J) 

[A] , equation  (28) 

DCN 

dCN/dxs 

DCY 

dCY/dxs 

DELX 

length  of  a body  segment;  store  length  divided  by  NSEG 
which  was  input  in  item  31 

DX 

DELX/ 2 

EDRDX(I) 

fu 

da/dx  at  the  midpoint  of  the  i segment  of  the 

separated  store 

ERAD(I) 

a at  the  midpoint  of  the  i^*1  segment  of  the  separated 
store 

ESTRMX 

a of  separated  store 

max 

ETA 

tj  coordinate  of  point  on  store  axis  measured  relative 
to  store  moment  center 

NDAMP 

input,  item  31 

NGAM 

input,  item  31 

NHSEG 

number  of  points  along  store  axis  where  velocity  field 
is  to  be  calculated?  NHSEG  = 2*NSEG  + 1 

NHSEGO 

number  of  points  along  store  axis  ahead  of  separation 
point  where  velocity  field  is  to  be  calculated? 
NHSEGO  = 2*NSEGX0  + 1 

NRACK 

input,  item  4 

NSEG 

input,  item  31 

NSEGXO 

input,  item  31 

RIIR 

rack  incidence  angle  in  incompressible  space,  radians 
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Table  II-4.-  Concluded. 


SRIFI 

UT  (N) 

VAR  (N)  , 

N = 1,2, . . .12 

VC 

VETA 

VINF 
VRATIO 
VSTORE 
VT  (N) 

vx 

VXI 

VY 

VZ 

VZETA 

WIIR 

WT(N) 

XB 

XI 

XMOM 

XSTOR 

XXX 

YB 

ZB 

ZETA 


sine  of  the  angle  between  the  rack  longitudinal  axis  and 
the  fuselage  longitudinal  axis  in  incompressible  space; 
measured  in  x' ,zD  plane 

xi  rS 

th 

U*  at  the  n point  along  body,  equation  (40) 
£#O,£,P,q,r,S,r),£,y,0,$  respectively 


V*  , equation  (55) 

X]  component  of  the  store  free-stream  velocity  vector, 
equation  (32) 

V^  ? input,  item  3 

V /V 

GO'  OOg 

V00g,  equation  (41) 

V*  at  the  point  along  body,  equation  (40) 

U-  v equation  (35) 
s ,Xg 

£ component  of  the  store  free-stream  velocity  vector, 
equation  (32) 

“Vqo  equation  (35) 

S'YS 

_ equation  (35) 

s , 

£ component  of  the  store  free-stream  velocity  vector, 
equation  (32) 

wing  incidence  angle  in  incompressible  space,  radians 
★ th 

Wg  at  the  N point  along  body,  equation  (4  0) 

Xg  coordinate  of  a point  along  store  body  axis 

5 coordinate  of  a point  on  store  axis  measured  relative 
to  store  moment  center 

x ; input,  item  33 
s , m 

xs  coordinate  of  point  on  store  axis 

x coordinate  of  point  on  store  axis 

y coordinate  of  a point  along  store  body  axis 

z-d  coordinate  of  a point  along  store  body  axis 

C coordinate  of  a point  on  store  axis  measured  relative 
to  store  moment  center 


183 


TABLE  II- 5 


DICTIONARY  OF  NOTATION  IN  SUBROUTINE  OUTPUT 

The  following  list  presents  most  of  the  variable  names  used  in  sub- 
routine OUTPUT.  Where  possible  a variable  name  is  identified  by  a symbol 
in  the  list  of  symbols  or  an  equation  number  in  reference  1.  The  xb'^B'zB 
coordinate  system  is  shown  in  figure  13  of  this  report. 


PROGRAM 

NOTATION 

ALGEBRAIC  NOTATION 

CLLEM 

(C»)_,  equations  (62)  and  (1-30)  or  equations  (63) 
andE (1-52) 

CLLT 

total  C^ 

CLMBY 

(cm) by'  ec3uation  (44) 

CLMCF 

(cm)  cf  ' e<3uation  <53) 

CLMEM 

(Cm)E,  equation  (60) 

CLMSB 

(C  ) , equation  (48) 

m dd 

CLMT 

total  C 

m 

CLNBY 

(C  equation  (45) 

n £5  JL 

CLNCF 

(Cn)CF,  equation  (54) 

CLNEM 

(C  )„,  equation  (61) 
n e 

CLNSB 

(C  )„D,  equation  (49) 
n oxj 

CLNT 

total  C 

n 

CNBY 

(CN>BY'  e<3uation  (42) 

CNCF 

(CN) cf'  equation  (51) 

CNEM 

(C  ) „ , equation  (58) 
JM  E 

CNSB 

(cn)SB'  equation  (46) 

CNT 

CNX(K) 

total  C.T 
N 

til. 

total  dC„/dx  at  the  midpoint  of  the  K body  segment 

N s 

CYBY 

(Cy)  by ' e(3uation  (43) 
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Table  II-5.-  Continued. 


CYCF 

(cy)CF'  equation  (52) 

CYEM 

(CY)E,  equation  (59) 

CYSB 

(Cy)  sb ' ec3uation  (4?) 

CYT 

total 

CYX(K) 

th 

total  dCY/dxg  at  the  midpoint  of  the  K body  segment 

DC (I, J) 

[A] , equation  (28) 

DVAR(N) , 

N = 1,2,  . 

respectively 

. .12 

DXB 

£ coordinate  of  the  store  base  at  time  t relative  to 
where  it  would  have  been  had  it  remained  in  the  t = 0 
position  on  the  aircraft 

DXCG 

£ coordinate  of  the  store  moment  center  at  time  t 
relative  to  where  it  would  have  been  had  it  remained 
in  the  t = 0 position  on  the  aircraft 

DXN 

£ coordinate  of  the  store  nose  at  time  t relative  to 
where  it  would  have  been  had  it  remained  in  the  t = 0 
position  on  the  aircraft 

DYB 

n coordinate  of  the  store  base  at  time  t relative  to 
where  it  would  have  been  had  it  remained  in  the  t = 0 
position  on  the  aircraft 

DYCG 

n coordinate  of  the  store  moment  center  at  time  t 
relative  to  where  it  would  have  been  had  it  remained 
in  the  t = 0 position  on  the  aircraft 

DYN 

n coordinate  of  the  store  nose  at  time  t relative  to 
where  it  would  have  been  had  it  remained  in  the  t = 0 
position  on  the  aircraft 

DZB 

£ coordinate  of  the  store  base  at  time  t relative  to 
where  it  would  have  been  had  it  remained  in  the  t = 0 
position  on  the  aircraft 

DZCG 

£ coordinate  of  the  store  moment  center  at  time  t 
relative  to  where  it  would  have  been  had  it  remained 
in  the  t = 0 position  on  the  aircraft 

DZN 

£ coordinate  of  the  store  nose  at  time  t relative  to 
where  it  would  have  been  had  it  remained  in  the  t = 0 
position  on  the  aircraft 

ESTLGC 

SL  of  separated  store 
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Table  II-5.-  Continued. 


ETA 

n 

coordinate  of  point  on  store  axis  measured  relative 

tc 

i store  moment  center 

EXST(J) 

xs 

at  the  Jth  point  along  store  axis 

PHI 

*# 

degrees 

PSI 

degrees 

SLTHC (NEJSTR) 

A 

s 

of  separated  store 

THA 

0, 

degrees 

TIME 

t 

UT  ( J) 

u* 

s 

at  Jth  point  along  store  axis 

VAR (N) , 

N = 1#  2 , . . .12 

5#  i 

respectively 

VT  ( J) 

v* 

s 

at  Jth  point  along  store  axis 

WT(J) 

w* 

at  point  along  store  axis 

XBASE 

5 

coordinate  of  separated  store  base  at  time  t 

XBASEI 

5 

coordinate  of  separated  store  base  at  t = 0 

XCGI 

e 

coordinate  of  separated  store  moment  center  at  t = 

XI 

e 

coordinate  of  point  on  store  axis  measured  relative 

to  store  moment  center 

XL 

xs 

/% 

' s 

XMOM 

xs 

,m 

XNOSE 

5 

coordinate  of  separated  store  nose  at  time  t 

XNOSEI 

5 

coordinate  of  separated  store  nose  at  t = 0 

XXX 

X 

coordinate  of  point  on  store  axis 

YBASE 

n 

coordinate  of  separated  store  base  at  time  t 

YBASE I 

n 

coordinate  of  separated  store  base  at  t = 0 

YCGI 

n 

coordinate  of  separated  store  moment  center  at  t = 

YNOSE 

n 

coordinate  of  separated  store  nose  at  time  t 

YNOSEI 

n 

coordinate  of  separated  store  nose  at  t = 0 

186 


Table  II-5.-  Concluded. 


ZBASE 

ZBASEI 

ZCGI 

ZETA 

ZNOSE 

ZNOSEI 


? coordinate  of  separated  store  base  at  time  t 

S coordinate  of  separated  store  base  at  t = 0 

? coordinate  of  separated  store  moment  center  at  t = 0 

^ coordinate  of  point  on  store  axis  measured  relative 
to  store  moment  center 

E coordinate  of  separated  store  nose  at  time  t 

? coordinate  of  separated  store  nose  at  t = 0 


187 


TABLE  I I- 6 


DICTIONARY  OF  NOTATION  IN  SUBROUTINE  PTHIN 

The  following  list  presents  most  of  the  variable  names  used  in  sub- 
routine PTHIN.  Where  possible  a variable  name  is  identified  by  a symbol 
in  the  list  of  symbols  or  an  equation  number  in  reference  1.  Symbols  in 
figure  6 of  that  reference  are  also  used.  Where  a variable  is  an  input 
quantity,  it  is  so  identified  and  section  4.2.1  of  this  report  should  be 


referred  to  for 

the  definition. 

PROGRAM 

NOTATION 

ALGEBRAIC  NOTATION 

BETA 

3 

CRP 

length  of  pylon  root  chord;  input,  item  17 

CRPI 

length  of  pylon  root  chord  in  incompressible  space? 
CRP/BETA 

DELTPX ( I ) 
FACTOP (I) 

AX^?  equals  X^  - X^  of  figure  6 of  reference  1 

th 

GpAX^cos  ^/2tt  of  i pylon  thickness  source  strip 

KMAX 

MSP  + 1 

MPS 

number  of  pylon  thickness  source  strips?  MPS  = NCPS*MSP 

MSP 

input,  item  18 

NCPS 

input,  item  20 

NUNIP 

input,  item  20 

SWPPCS (I) 

tan 

SWPPLI 

tangent  of  pylon  leading-edge  sweep  angle  in  incompressible 
space 

SWPPTI 

tangent  of  pylon  trailing-edge  sweep  angle  in  incompres- 
sible space 

THETPL (I) 
TWOPI 

th 

0p  of  the  l pylon  thickness  source  strip 

27 T 

XP 

x*  coordinate  of  pylon  root-chord  leading  edge  measured 
relative  to  wing  root-chord  leading  edge 

188 


Table  II-6.-  Concluded. 


XPRC(I) 

Z(K) 


Xp  of  ith  pylon  thickness  source  strip;  see  figure  6 
c of  reference  1 

input,  item  19 
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TABLE  II-7 


DICTIONARY  OF  NOTATION  IN  SUBROUTINE  PVLIN 

The  following  list  presents  most  of  the  variable  names  used  in  sub- 
routine PVLIN.  Where  possible  a variable  name  is  identified  by  a symbol 
in  the  list  of  symbols  or  an  equation  number  in  reference  1.  Symbols  in 
figure  2 of  that  reference  are  also  used.  Where  a variable  is  an  input 
quantity,  it  is  so  identified  and  section  4.2.1  of  this  report  should  be 
referred  to  for  the  definition. 


PROGRAM 

NOTATION 

ALGEBRAIC  NOTATION 

BETA 

e 

CRP 

length  of  pylon  root  chord;  input,  item  17 

CRPI 

length  of  pylon  root  chord  in  incompressible  space 

DTR 

degrees  to  radians  conversion  factor,  1/57.29578 

H 

pylon  height;  input,  item  17 

IP 

input,  item  17 

KMAX 

MSP  + 1 

M 

number  of  vortices  on  wing 

MMP 

M + MP 

MP 

number  of  vortices  on  pylon 

MP1 

M + 1 

MSP 

input,  item  18 

NCP 

input,  item  18 

PCPX(I) 

X coordinate  of  the  control  point  associated  with  the 
i^h  vortex  on  the  pylon 

PHIP 

angle  between  the  pylon  and  wing  planform  planes,  -tt/2 

PSIPLE 

sweep  angle  of  pylon  leading  edge;  input,  item  17 

PSIPTE 

sweep  angle  of  pylon  trailing  edge;  input,  item  17 
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Table  II-7.-  Concluded. 


PVPX ( I ) 

X coordinate  of  the  bound-leg  midpoint  of  the  ith 
pylon  vortex 

PVPY(I) 

Y coordinate  of  the  bound-leg  midpoint  of  the  ith 
pylon  vortex 

PVPZ (I) 

Z coordinate  of  the  bound-leg  midpoint  of  the  i 
pylon  vortex 

SP(I) 

t h 

semispan,  s,  of  the  i pylon  vortex 

SWPCR(I) 

tangent  of  the  sweep  angle  of  the  3/4-chord  line  of  the 
area  element  associated  with  the  i^h  pylon  vortex 

SWPPLE 

tan (PSIPLE) 

SWPPLI 

tan(PSIPLE)  in  incompressible  space 

SWPPTE 

tan (PSIPTE) 

SWPPTI 

tan(PSIPTE)  in  incompressible  space 

SWPVP (I) 

tan  1 p of  the  i^“  pylon  vortex 

XLEL (IP) 

X coordinate  of  the  wing  leading  edge  at  the  pylon 
location 

XP 

X coordinate  of  the  pylon  root-chord  leading  edge 

XPLE 

location  of  pylon  root-chord  leading  edge  relative  to 
local  wing-chord  leading  edge;  input,  item  17 

XPLEI 

location  of  pylon  root-chord  leading  edge  relative  to 
local  wing-chord  leading  edge  in  incompressible  space 

Y (IP) 

Y location  of  pylon 

YP 

Y (IP) 

Z(K) 

input,  item  19 

ZLEL(IP) 

Z coordinate  of  wing  leading  edge  at  pylon  location 

ZP 

ZLEL(IP) 
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TABLE  I 1-8 


DICTIONARY  OF  NOTATION  IN  SUBROUTINE  STRIO 

The  following  list  presents  most  of  the  variable  names  used  in  sub- 
routine STRIO.  Where  possible  a variable  name  is  identified  by  a symbol 
in  the  list  of  symbols  in  reference  1.  Where  a variable  is  an  input 
quantity,  it  is  so  identified  and  section  4.2.1  of  this  report  should  be 
referred  to  for  the  definition. 


PROGRAM 

NOTATION 

ALGEBRAIC  NOTATION 

BETA 

6 

DUMQ(J) 

input,  item  30 

DUMX(J) 

input,  item  29 

MSHAPE 

input,  item  28 

MSOR 

input,  item  28 

NSHAPE ( J) 

input,  item  26 

NSHPT 

input,  item  27 

NSSOR(K) 

number  of  sources  in  the  source  distribution  representing 
the  volume  of  the  store 

NSTRS 

input,  item  4 

NUMSTR(J) 

input,  item  26 

RAD 

radians  to  degrees  conversion  factor,  57.29578 

SIC(J) 

input,  item  26 

SII(J) 

value  of  SIC ( J)  in  incompressible  space 

SLTHC (J) 

input,  item  26 

SLTHI (J) 

value  of  SLTHC (J)  in  incompressible  space 

SRMAX(J) 

input,  item  26 

SSOR(K, J) 

array  containing  the  k values  of  Q./^ttV  for  the  j 

K 00 

store 
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Table  II-8.-  Concluded. 


SXL (K , J) 

array  containing  the  k values  of  x*  at  which  the 
sources  are  located  for  the  store;  negative  and 

measured  from  the  tip  of  the  nose 

XLEL(I) 

X coordinate  of 

wing 

leading  edge  at 

Y = Y (I) 

XSNC(J) 

input,  item  26 

XSNI (J) 

value  of  XSNC(J) 

in 

incompressible 

space 

XWSOI (J) 

X coordinate  of 

tip 

j-  r:  . th 

of  nose  of  j 

store 

Y(I) 

input,  item  12 

YWSO(J) 

Y coordinate  of 

tip 

4=  4r  • th 

of  nose  of  j 

store,  input 

YSN(J) 

input,  item  26 

ZLEL(I) 

Z coordinate  of 

wing 

leading  edge  at 

Y = Y ( I ) 

ZSN(J) 

input,  item  26 

ZWSO(J) 

Z coordinate  of 

tip 

.c  jc  . th 

of  nose  of  j 

store 
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TABLE  II-9 


DICTIONARY  OF  NOTATION  IN  SUBROUTINE  THPVEL 

The  following  list  presents  most  of  the  variable  names  used  in  sub- 
routine THPVEL.  Where  possible  a variable  name  is  identified  by  a symbol 
in  the  list  of  symbols  or  an  equation  number  in  reference  1.  Symbols  in 
figure  6 of  that  reference  are  also  used.  Where  a variable  is  an  input 
quantity,  it  is  so  identified  and  section  4.2.1  of  this  report  should  be 
referred  to  for  the  definition. 

PROGRAM 


NOTATION 

ALBEGRAIC  NOTATION 

COSSPS(I) 

cos  Ip  . 
1 

COSSWP 

COS  ll)  . 

1 

DZ 

z - z 

a 

DZB 

Z - Z, 
b 

E 

E , equation 

(26) 

F 

F,  equation 

(26) 

FACTOP ( I ) 

0 AX.  cos  xp  . /2t t 
pi  r r 

G 

G,  equation 

(26) 

GD 

FACTOP (I) 

H 

H,  equation 

(26) 

JPS 

i 

KMAX 

MSP  + 1 

MSP 

input,  item 

00 
1 — 1 

NCPS 

input,  item 

20 

SINSPS (I) 

sin  ip  , 

ri 

SINSWP 

sin  ip  . 

ri 

SWPPCS (I) 

tan  ip . 

i 
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Table  II-9.-  Concluded. 


u 

7Y ^ ) > equation  (25) 

. V oo  * 

UP 

total  wing-pylon  u/Vw  perturbation  velocity  at 
point  X , Y , Z 

V 

f ec3uati°n 

i i 

VP 

total  wing-pylon  v/V^  perturbation  velocity  at 
point  X , Y , Z 

w 

X ( Vs  ' ec3uati°n  (25) 
. ^ V 00  ' 1 

WP 

total  wing-pylon  w/V^  perturbation  velocity  at 
point  X , Y , Z 

xc 

X coordinate  of  field  point 

XPRC(I) 

t h 

Xp^  of  i pylon  thickness  source  strip 

Y(IP) 

Yp  location  of  pylon 

YC 

Y coordinate  of  field  point 

Z(K) 

input , item  19 

ZC 

Z coordinate  of  field  point 

ZLEL(IP) 

Z coordinate  of  wing  leading  edge  at  pylon  location 
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TABLE  11-10 


DICTIONARY  OF  NOTATION  IN  SUBROUTINE  THWVEL 

The  following  list  presents  most  of  the  variable  names  used  in  sub- 
routine THWVEL.  Where  possible  a variable  name  is  identified  by  a symbol 
in  the  list  of  symbols  or  an  equation  number  in  reference  1.  Symbols  in 
figure  5 of  that  reference  are  also  used.  Where  a variable  is  an  input 
quantity,  it  is  so  identified  and  section  4.2.1  of  this  report  should  be 
referred  to  for  the  definition. 


PROGRAM 

NOTATION 

ALGEBRAIC  NOTATION 

A 

A,  equation  (20) 

B 

B,  equation  (20) 

C 

C,  equation  (20) 

COSSWP 

cos  i p . 

COSSWS (I) 

cos  t1)  . 

D 

D,  equation  (20) 

F 

4*  1 

FACTOR (I) 

0 AX . cos  ip./2n 

i 1 

IMAX 

MSW  + 1 

MSW 

input,  item  11 

NCWS 

input,  item  15 

SINSWP 

sin  ib  . 

Yi 

SINSWS  (I) 

sin  i p . 

SWPCS (I) 

tan  \|n 

u 

' equation  (19) 

> oo  /l 

i 

UW 

perturbation  velocity  due  to  wing-pylon  vortex 
lattice  and  wing  thickness 
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Table  11-10.-  Concluded. 


V 
VW 

W 

ww 

xc 

XRC(I) 

Y (I) 

YC 

2C 

Z1(I) 


equation  (19) 


v/Voo  perturbation  velocity  due  to  wing-pylon  vortex 
lattice  and  wing  thickness 


equation  (19) 


w/Voo  perturbation  velocity  due  to  wing-pylon  vortex 
lattice  and  wing  thickness 

X coordinate  of  field  point 

Xc  of  ith  wing  thickness  source  strip 

input,  item  12 

Y coordinate  of  field  point 

Z coordinate  of  field  point 

th 

Z coordinate  of  i wing  thickness  source  strip 
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TABLE  11-11 


DICTIONARY  OF  NOTATION  IN  SUBROUTINE  VELFLD 
The  following  list  presents  most  of  the  variable  names  used  in  sub- 


routine  VELFLD. 
in  the  list  of 
variable  is  an 

, Where  possible  a variable  name  is  identified  by  a symbol 
symbols  or  an  equation  number  in  reference  1.  Where  a 
input  quantity,  it  is  so  identified  and  section  4.2.1  of 

this  report  should  be  referred  to  for  the  definition.  Primes  associated 

with  the  algebraic  notation  indicate  incompressible  space  (see  section  3 

of  ref.  1).  The  x^y^/Z-  coordinate  system  is  shown  in  figure  13  of  this 

B B B 


report. 

PROGRAM 

NOTATION 

ALGEBRAIC  NOTATION 

ALFACR 

a^,  radians 

BETA 

6 

BETASQ 

B2 

CRIFI 

cosine  of  the  angle  between  the  rack  longitudinal  axis 
and  the  fuselage  longitudinal  axis  in  incompressible 
space,  measured  in  x^z^  plane 

CSIBIR(J) 

cosine  of  the  angle  between  the  longitudinal  axis  of 
the  Jth  store  and  the  fuselage  longitudinal  axis  in 
incompressible  space,  measured  in  Xg/ZB  plane 

CWIIR 

cosine  of  the  angle  between  the  wing  root  chord  and 
the  fuselage  longitudinal  axis  in  incompressible 
space,  measured  in  XB'ZB  plane 

DC ( I , J) 

[A] , equation  (28) 

FRMAX 

fuselage  maximum  radius;  input,  item  5 

FSOR(N) 

array  containing  the  strengths  of  the  fuselage  source 
distribution 

FXL(N) 

array  containing  the  x^  positions  of  the  fuselage 
sources 

IP 

pylon  location  specification;  input,  item  17 

NCON 

control  index  used  in  subroutine  VLIVEL 

NEJSTR 

subscript  associated  with  separated  store,  1 NEJSTR 

< NSTRS 
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Table  11-11.-  Continued. 


NFSOR 

number  of  fuselage  sources;  input,  item  6 

NFU 

input,  item  4 

NPY 

input,  item  4 

NRACK 

input,  item  4 

NRSOR 

number  of  rack  sources;  input,  item  23 

NSSOR(J) 

number  of  sources  in  the  source  distribution  representing 
the  volume  of  the  Jth  store 

NSTRS 

input,  item  4 

RRMAX 

rack  maximum  radius;  input,  item  22 

RSOR(N) 

array  containing  the  strengths  of  the  rack  source 
distribution 

RXL(N) 

array  containing  the  axial  locations  of  the  rack  sources 

SALF 

sin 

SRIFI 

sine  of  the  angle  between  the  rack  longitudinal  axis 

and  the  fuselage  longitudinal  axis  in  incompressible 

space,  measured  in  x*,z_  plane 

B B 

SRMAX(J) 

maximum  radius  of  store 

SSIBIR(J) 

sine  of  the  angle  between  the  longitudinal  axis  of  the 
jth  store  and  the  fuselage  longitudinal  axis  in 
incompressible  space,  measured  in  x',z_  plane 

SSOR (K , J) 

array  containing  the  K values  of  the  source  strengths 
of  the  source  distribution  for  the  Jt^  store 

SWIIR 

sine  of  the  angle  between  the  wing  root  chord  and  the 
fuselage  longitudinal  axis  in  incompressible  space, 
measured  in  x',z_  plane 

SXL (K , J) 

array  containing  the  K axial  locations  of  the  sources 
for  the  store 

UF 

u/Vqo  perturbation  velocity  due  to  a component  of  the 
parent  aircraft 

UTU 

during  calculation,  sum  of  u/V^  perturbation  velo- 
cities due  to  parent  aircraft  in  incompressible  fuse- 
lage coordinate  system;  upon  return  to  calling  program, 
sum  of  u/V^  perturbation  velocities  in  compressible 
space  in  separated  store  x,y,z  coordinate  system 
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VF 

v/Voo  perturbation  velocity  due  to  a component  of  the 
parent  aircraft 

VTV 

during  calculation,  sum  of  v/Vm  perturbation  velo- 
cities due  to  parent  aircraft  in  incompressible 
fuselage  coordinate  system;  upon  return  to  calling 
program,  sum  of  v/V^  perturbation  velocities  in 
compressible  space  in  separated  store,  x,y,z  coordi- 
nate system 

WF 

w/Voo  perturbation  velocity  due  to  a component  of  the 
parent  aircraft 

WTW 

during  calculation,  sum  of  w/V^  perturbation  velo- 
cities due  to  parent  aircraft  in  incompressible 
fuselage  coordinate  system;  upon  return  to  calling 
program,  sum  of  w/V^  perturbation  velocities  in 
compressible  space  in  separated  store,  x,y.,z  coordi- 
nate system 

XB 

x^  coordinate  of  point  where  velocity  field  is  to  be 
calculated 

XBROI 

x*  coordinate  of  tip  of  rack  nose 
B 

XBSOI (J) 

th 

x'  coordinate  of  tip  of  nose  of  J store 

B 

XBWOI 

x*  coordinate  of  wing  root-chord  leading  edge 
B 

XR 

x’  coordinate  of  point  where  velocity  field  is  to  be 
calculated  measured  in  rack  coordinate  system 

xs 

x*  coordinate  of  point  where  velocity  field  is  to  be 
calculated  measured  in  store  coordinate  system 

xw 

x’  coordinate  of  point  where  velocity  field  is  to  be 
calculated  measured  in  wing  coordinate  system 

YB 

y coordinate  of  point  where  velocity  field  is  to  be 

calculated 

YBRO 

y_  coordinate  of  rack 
B 

YBSO(J) 

y coordinate  of  J ^ store 

B 

YR 

y coordinate  of  point  where  velocity  field  is  to  be 
calculated  measured  in  rack  coordinate  system 

YS 

y coordinate  of  point  where  velocity  field  is  to  be 
calculated  measured  in  store  coordinate  system 

YW 

y coordinate  of  point  where  velocity  field  is  to  be 
calculated  measured  in  wing  coordinate  system 
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Table  11-11.-  Concluded. 


ZB 


B coordinate  of  point  where  velocity  field  is  to  be 
calculated 


ZBR0  zB  coordinate  of  tip  of  rack  nose 

ZBSO(J)  zg  coordinate  of  tip  of  nose  of  Jth  store 


ZB  WO 
ZR 

ZS 

ZW 


zB  coordinate  of  wing  root-chord  leading  edge 

z coordinate  of  point  where  velocity  field  is  to  be 
calculated  measured  in  rack  coordinate  system 

z coordinate  of  point  where  velocity  field  is  to  be 
calculated  measured  in  store  coordinate  system 

z coordinate  of  point  where  velocity  field  is  to  be 
calculated  measured  in  wing  coordinate  system 
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TABLE  11-12 


DICTIONARY  OF  NOTATION  IN  SUBROUTINE  VLCOEF 

The  following  list  presents  most  of  the  variable  names  used  in  sub- 
routine VLCOEF.  Where  possible  a variable  name  is  identified  by  a symbol 
in  the  list  of  symbols  or  in  section  4.2.2  of  reference  1.  Symbols  in 
figure  2 of  that  reference  are  also  used.  Where  a variable  is  an  input 
quantity,  it  is  so  identified  and  section  4.2,1  of  this  report  should  be 
referred  to  for  the  definition.  Certain  of  the  variable  names  appearing 
in  the  following  list  are  marked  with  an  asterisk,  *.  These  variables  are 
dimensioned  for  two  (2)  in  the  subroutine.  The  subscript  one  (1)  pertains 
to  the  left  wing  panel  or  pylon  while  the  subscript  two  (2)  pertains  to 
the  image  vortex  on  the  right  wing  panel  or  pylon. 


PROGRAM 

NOTATION 

COSPHI ( JC) 

FUP* 

FUW* 

FVN ( JC , JV) 
FVP* 

FVW* 

FWP* 

FWW* 


IP 

JC 

JCP 


ALGEBRAIC  NOTATION 

cos  <J)  , equation  (6) 

F at  the  v*"*1  wing  or  pylon  control  point  due  to  the 
unth  pylon  vortex 

F at  the  Vth  wing  or  pylon  control  point  due  to  the 
unt^  wing  vortex 

coefficient  in  equation  (6)  or  (7)  of  rn/^'n^0O  i-n  the 
yhh  equation;  JC  = v,  JV  = n 

Fv  at  the  Vth  wing  or  pylon  control  point  due  to  the 
nth  pylon  vortex 

Fv  at  the  v^1  wing  or  pylon  control  point  due  to  the 
nth  wing  vortex 

F at  the  \>hh  wing  or  pylon  control  point  due  to  the 
nth  pylon  vortex 

F at  the  v^h  wing  or  pylon  control  point  due  to  the 
nth  wing  vortex 

pylon  location  specification;  input,  item  17  (IP  = 1 
under  fuselage  centerline) 

control  point  index  v in  equation  (6)  or  (7) 

index  of  the  ith  pylon  control  point,  JCP  = 1,2,... 

MP 
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Table  11-12.-  Continued. 


JV 

JVP 

M 

MMP 

MP 

MPl 

NPY 

PCPX(I) 

PCX(I) 

PHI (I) 

PHIP 

PVPX(I) 

PVPY(I) 

PVPZ (I) 

PVX(I) 

PVY(I) 

PVZ (I) 

SINPHI (JC) 
SP(I) 

SW(I) 

SWPVP  (I) 
SWPW(I) 


vortex  index  n in  equation  (6)  or  (7) 
index  of  the  ith  pylon  vortex,  JVP  = 1,2,...MP 
number  of  vortices  on  wing 
M + MP 

number  of  vortices  on  pylon 
M + 1 

input,  item  4;  NPY  = 0 , no  pylon 

X coordinate  of  the  control  point  associated  with  the 
i^*1  vortex  on  the  pylon 

X coordinate  of  the  control  point  associated  with  the 
i^h  vortex  on  the  wing 

dihedral  angle,  (j) . , associated  with  the  ith  vortex  on 
the  wing 

angle  between  the  pylon  and  wing  planform  planes  , -it/2 

X coordinate  of  the  bound-leg  midpoint  of  the  ith 
pylon  vortex 

Y coordinate  of  the  bound-leg  midpoint  of  the  ith 
pylon  vortex 

Z coordinate  of  the  bound-leg  midpoint  of  the  i^*1 
pylon  vortex 

X coordinate  of  the  bound-leg  midpoint  of  the  ith 
wing  vortex 

Y coordinate  of  the  bound-leg  midpoint  of  the  i^ 
wing  vortex 

Z coordinate  of  the  bound-leg  midpoint  of  the  ith 
wing  vortex 

sin  <j>  , equation  (6) 

semispan,  s,  of  the  ith  pylon  vortex 
semispan,  s,  of  the  i ^ wing  vortex 


tan 

* 

of 

the 

i^h  pylon  vortex 

tan 

Of 

the 

ith  wing  vortex 
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Table  11-12.-  Concluded. 


XPP  x location  of  the  vth  pylon  control  point  relative 

to  the  nth  pylon  vortex 

XPW  x location  of  the  vth  pylon  control  point  relative 

to  the  nth  wing  vortex 

XWP  x location  of  the  Vth  wing  control  point  relative 

to  the  nth  pylon  vortex 

XWW  x location  of  the  wing  control  point  relative 

to  the  n th  wing  vortex 

YPP*  y location  of  the  v ^ pylon  control  point  relative 

to  the  nth  pylon  vortex 

YPW*  y location  of  the  vth  pylon  control  point  relative 

to  the  nth  wing  vortex 

YWP*  y location  of  the  vth  wing  control  point  relative 

to  the  nth  pylon  vortex 

YWW*  y location  of  the  vth  wing  control  point  relative 

to  the  nth  wing  vortex 

2pp  z location  of  the  \>th  pylon  control  point  relative 

to  the  nth  pylon  vortex 

ZPW  z location  of  the  Vth  pylon  control  point  relative 

to  the  nth  wing  vortex 

ZWP  z location  of  the  x>th  wing  control  point  relative 

to  the  nth  pylon  vortex 

zww  z location  of  the  vth  wing  control  point  relative 

to  the  nth  wing  vortex 
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TABLE  11-13 


DICTIONARY  OF  NOTATION  IN  SUBROUTINE  VLIVEL 


The  following  list  presents  most  of  the  variable  names  used  in  sub- 
routine VLIVEL.  Where  possible  a variable  name  is  identified  by  a symbol 
in  the  list  of  symbols  or  in  section  4.2.2  of  reference  1.  Symbols  in 
figure  2 of  that  reference  are  also  used.  Where  a variable  is  an  input 
quantity,  it  is  so  identified  and  section  4.2.1  of  this  report  should  be 
referred  to  for  the  definition.  Certain  of  the  variable  names  appearing 
in  the  following  list  are  marked  with  an  asterisk,  * . These  variables  are 
dimensioned  for  two  (2)  in  the  subroutine.  The  subscript  one  (1)  pertains 
to  the  left  wing  panel  or  pylon  while  the  subscript  two  (2)  pertains  to 
the  image  vortex  on  the  right  wing  panel  or  pylon. 


PROGRAM 

NOTATION 


ALGEBRAIC  NOTATION 


CIR(JV) 

r /v 

n °° 

of  the  n^*1  wing  or  pylon 

vortex;  JV  = n 

FUP* 

Fu 

at 

the 

field 

point 

due 

to 

the 

nth 

pylon  vortex 

FUW* 

Fu 

at 

the 

field 

point 

due 

to 

the 

nth 

wing  vortex 

FVP* 

F 

V 

at 

the 

field 

point 

due 

to 

the 

nth 

pylon  vortex 

FVW* 

F 

V 

at 

the 

field 

poiot 

due 

to 

the 

nth 

wing  vortex 

FWP* 

Fw 

at 

the 

field 

point 

due 

to 

the 

nth 

pylon  vortex 

FWW* 

Fw 

at 

the 

field 

point 

due 

to 

the 

nth 

wing  vortex 

JV 

vortex 

index  n 

in  equation 

(6)  or  (7) 

JVP 

M 

MMP 

MP 

MP1 

NCON 


index  of  the  pylon  vortex,  JVP  = 1,2,...MP 

number  of  vortices  on  wing 
M + MP 

number  of  vortices  on  pylon 
M + 1 

control  index  set  in  subroutine  VELFLD ; if  NCON  = 2 
only  pylon  thickness  velocities  are  to  be  calculated 


NCP 


input,  item  18 
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Table  11-13.-  Continued. 


PHI (I) 

th 

dihedral  angle,  <j) . , associated  with  the  i vortex 

on  the  wing 

PHIP 

angle  between  the  pylon  and  wing  planform  planes,  -tt/2 

PMX 

X coordinate  of  field  point 

PMY 

Y coordinate  of  field  point 

PMZ 

Z coordinate  of  field  point 

PVPX ( I ) 

4-  Vi 

X coordinate  of  the  bound-leg  midpoint  of  the  icn 
pylon  vortex 

PVPY(I) 

Y coordinate  of  the  bound-leg  midpoint  of  the  ith 
pylon  vortex 

PVPZ (I) 

Z coordinate  of  the  bound-leg  midpoint  of  the  ith 
pylon  vortex 

PVX(I) 

x. 

X coordinate  of  the  bound-leg  midpoint  of  the  i 
wing  vortex 

PVY(I) 

Y coordinate  of  the  bound-leg  midpoint  of  the  ith 
wing  vortex 

PVZ  (I) 

Z coordinate  of  the  bound-leg  midpoint  of  the  i^ 
wing  vortex 

SP(I) 

semispan,  s,  of  the  i ^ pylon  vortex 

SW(I) 

semispan,  s,  of  the  i^*1  wing  vortex 

SWPVP(I) 

tan  ip  of  the  ith  pylon  vortex 

SWPW(I) 

tan  ip  of  the  ith  wing  vortex 

UI 

u/VM  perturbation  velocity  at  field  point  in  incompres 
sible  space 

VI 

v/Voo  perturbation  velocity  at  field  point  in  incompres 
sible  space 

WI 

w/Voo  perturbation  velocity  at  field  point  in  incompres 
sible  space 

XPM 

x location  of  field  point  relative  to  the  ith  pylon 
vortex 

XWM 

x location  of  field  point  relative  to  the  ith  wing 
vortex 
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Table  11-13.-  Concluded. 


YPM* 

y location 
vortex 

of 

field 

point 

relative 

to 

the 

ith 

pylon 

YWM* 

y location 
vortex 

of 

field 

point 

relative 

to 

the 

ith 

wing 

ZPM 

z location 
vortex 

of 

field 

point 

relative 

to 

the 

j_th 

pylon 

ZWM 

z location 
vortex 

of 

field 

point 

relative 

to 

the 

ith 

wing 
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TABLE  11-14 


DICTIONARY  OF  NOTATION  IN  SUBROUTINE  VLRHS 


The  following  list  presents  most  of  the  variable  names  used  in  sub- 
routine VLRHS.  Where  possible  a variable  name  is  identified  by  a symbol 
in  the  list  of  symbols  or  an  equation  number  in  reference  1.  Where  a 
variable  is  an  input  quantity,  it  is  so  identified  and  section  4.2.1  of 
this  report  should  be  referred  to  for  the  definition.  Primes  associated 
with  the  algebraic  notation  indicate  incompressible  space  (see  section  3 
of  ref.  1).  The  fuselage  coordinate  system  is  shown  in  fig- 

ure  13  of  this  report.  Each  of  the  other  axisymmetric  bodies  has  a 
coordinate  system  associated  with  it  as  is  shown  in  figure  1 of  reference  1. 
The  X , Y , Z wing-pylon  coordinate  system  is  shown  in  figure  2 of  that 
reference . 


PROGRAM 

NOTATION 

ALFAIR 

ALPHLI (N) 

CIR(N) 

COSPHI (I) 
CRIIR 

CSIIR(N) 

CWIIR 

IP 

M 

MMP 


ALGEBRAIC  NOTATION 

a £ , radians 

in  incompressible  space;  tan  in  compressible 

space  was  input  as  item  14 

array  containing  the  right-hand  sides  of  equations  (6) 
and  (7)  of  reference  1 

cos  (|k  of  the  it^1  wing  vortex 

cosine  of  the  rack  incidence  angle  in  incompressible 
space;  compressible  incidence  angle  was  input  in 
item  22 

cosine  of  the  N*'*1  store  incidence  angle  in  incompres- 
sible space;  compressible  incidence  angle  was  input  in 
item  26 

cosine  of  the  wing  incidence  angle  in  incompressible 
space;  compressible  incidence  angle  was  input  in 
item  9 

pylon  location  specification;  input,  item  17 

number  of  vortices  on  wing 

M + MP 


MP 


number  of  vortices  on  pylon 


208 


Table  11-14.-  Continued. 

MP1 

M + 1 

NFU 

input,  item  4 

NPY 

input,  item  4 

NRACK 

input,  item  4 

NSTRS 

input,  item  4 

PCPX(J) 

X coordinate  of  the  control  point  associated  with  the 
jth  pylon  vortex 

PCX(J) 

X coordinate  of  the  control  point  associated  with  the 
jth  wing  vortex 

PVPY(J) 

Y coordinate  of  the  bound-leg  midpoint  and  control 
point  of  the  j^h  pylon  vortex 

PVPZ (J) 

Z coordinate  of  the  bound-leg  midpoint  and  control 
point  of  the  jth  pylon  vortex 

PVY(J) 

Y coordinate  of  the  bound-leg  midpoint  and  control 
point  of  the  jth  wing  vortex 

PVZ (J) 

Z coordinate  of  the  bound-leg  midpoint  and  control 
point  of  the  jth  wing  vortex 

SINPHI (I) 

sin  <|k  of  the  ith  wing  vortex 

SRIIR 

sine  of  the  rack  incidence  angle  in  incompressible 
space;  compressible  incidence  angle  was  input  in 
item  22 

SSIIR(N) 

sine  of  the  Nth  store  incidence  angle  in  incompres- 
sible space;  compressible  incidence  angle  was  input 
in  item  26 

SWIIR 

sine  of  the  wing  incidence  angle  in  incompressible 
space;  compressible  incidence  angle  was  input  in 
item  9 

UEI (NV) 

Ui/V^  at  the  control  point  of  the  yth  vortex 

UI 

u'/Voo  perturbation  velocity  at  a vortex  control  point 
due  to  an  aircraft  component 

VEI (NV) 

v./V  at  the  control  point  of  the  Vth  vortex 

l °° 

VI 

v ' /Vqq  perturbation  velocity  at  a vortex  control  point 
due  to  an  aircraft  component 

209 


Table  11-14.-  Continued. 


WEI(NV) 

w^/V^  at  the  control  point  of  the  v vortex 

WI 

w'/Voo  perturbation  velocity  at  a vortex  control  point 
due  to  an  aircraft  component 

WIIR 

wing  incidence  angle  in  incompressible  space?  compres- 
sible value  was  input  in  item  9 

XBP 

x*  coordinate  of  a pylon  control  point 

XBW 

x*  coordinate  of  a wing  control  point 

XBWOI 

Xg  coordinate  of  wing  root-chord  leading  edge 

XRW 

x*  coordinate  of  a wing  control  point  in  the  rack 
coordinate  system 

XSP 

i 

x'  coordinate  of  a pylon  control  point  in  the  n 
store  coordinate  system 

xsw 

x*  coordinate  of  a wing  control  point  in  the  n 
store  coordinate  system 

XWROI 

X coordinate  of  tip  of  rack  nose 

XWSOI (N) 

t h 

X coordinate  of  tip  of  nose  of  n store 

YBP 

y^  coordinate  of  a pylon  control  point 

YBW 

y_  coordinate  of  a wing  control  point 

B 

YRW 

y coordinate  of  a wing  control  point  in  the  rack 
coordinate  system 

YSP 

h 

y coordinate  of  a pylon  control  point  in  the  N 
store  coordinate  system 

YSW 

i 

y coordinate  of  a wing  control  point  in  the  n 
store  coordinate  system 

YWRO 

Y coordinate  of  tip  of  rack  nose 

YWSO(N) 

th 

Y coordinate  of  tip  of  nose  of  N store 

ZBP 

z coordinate  of  a pylon  control  point 

ZBW 

z_  coordinate  of  a wing  control  point 

ZBWO 

z^  coordinate  of  wing  root-chord  leading  edge 

ZRW 

z coordinate  of  a wing  control  point  in  the  rack 
coordinate  system 
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Table  11-14,-  Concluded. 


ZSP 

ZSW 

ZWRO 

ZWSO(N) 


z coordinate  of  a pylon  control  point  in  the  w 
store  coordinate  system 

j_  "U. 

z coordinate  of  a wing  control  point  in  the  N 
store  coordinate  system 

Z coordinate  of  tip  of  rack  nose 

fch 

Z coordinate  of  tip  of  nose  of  N1"  store 
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TABLE  11-15 


DICTIONARY  OF  NOTATION  IN  SUBROUTINE  WTHIN 

The  following  list  presents  most  of  the  variable  names  used  in  sub- 
routine WTHIN.  Where  possible  a variable  name  is  identified  by  a symbol 
in  the  list  of  symbols  or  an  equation  number  in  reference  1.  Symbols  in 
figure  5 of  that  reference  are  also  used.  Where  a variable  is  an  input 
quantity,  it  is  so  identified  and  section  4.2.1  of  this  report  should  be 
referred  to  for  the  definition. 


PROGRAM 

NOTATION 

ALGEBRAIC  NOTATION 

BETA 

3 

CHLOCB ( I ) 

local  incompressible  wing  chord  at  the  midspan  of  the 
(I  - l)th  wing  segment 

CHLOCL ( I ) 

local  incompressible  wing  chord  at  the  left  or  outboard 
side  of  the  (I  - l)t^1  wing  segment 

DELTX(I) 
FACTOR (I) 

AX^;  equals  X^  - X^  of  figure  5 of  reference  1 
0AX^cos  \p^/2ir  of  the  ith  wing  thickness  source  strip 

IMAX 

MSW  + 1 

MS 

number  of  wing  thickness  source  strips;  MS  = NCWS*MSW 

MSW 

input,  item  11 

NCWS 

input,  item  15 

NUN  IS 

input,  item  15 

SWPCS(I) 

tan  of  the  ith  thickness  source  strip 

SWPWLI (I) 

tangent  of  the  leading-edge  sweep  angle  in  incompres- 
sible space  of  the  (I  - 1)^  wing  segment 

SWPWTI (I) 

tangent  of  the  trailing-edge  sweep  angle  in  incompres- 
sible space  of  the  (I  - l)th  wing  segment 

TANPHI (I) 

tan  <(k  of  the  (I  - l)^h  wing  segment 

THETAL ( I) 

0 of  the  ibh  thickness  source  strip;  input  in  item  16 
and  then  transformed  to  incompressible  space 

TWOPI 

2 IT 
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Table  11-15.-  Concluded. 


XRC(I) 

XLEL(I) 

Y(I) 

ZLEL(I) 

Z1(I) 


X of  the  ith  thickness  source  strip;  see  figure  5 
of  reference  1 

X coordinate  of  wing  leading  edge  at  Y = Y(I) 
input,  item  12 

Z coordinate  of  wing  leading  edge  at  Y = Y(I) 

Z coordinate  of  ith  wing  thickness  source  strip 
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TABLE  11-16 


DICTIONARY  OF  NOTATION  IN  SUBROUTINE  WVLIN 

The  following  list  presents  most  of  the  variable  names  used  in  sub- 
routine WVLIN.  Where  possible  a variable  name  is  identified  by  a symbol 
in  the  list  of  symbols  or  an  equation  number  in  reference  1.  Symbols  in 
figure  2 of  that  reference  are  also  used.  Where  a variable  is  an  input 
quantity,  it  is  so  identified  and  section  4.2.1  of  this  report  should  be 
referred  to  for  the  definition. 


PROGRAM 

NOTATION 

ALGEBRAIC  NOTATION 

ALPHAL(I) 

tan  a^;  input,  item  14 

ALPHLI (I) 

tan  in  incompressible  space 

BETA 

3 

CAVE 

average  wing  chord  in  incompressible  space 

CHLOCB (I) 

local  incompressible  wing  chord  at  the  midspan  of  the 
(I  - l)th  wing  segment 

CHLOCL ( I) 

local  incompressible  wing  chord  at  the  left  or  outboard 
side  of  the  (I  - l)th  wing  segment 

COSPHI (I) 

cos  <\> ^ of  the  itJl  wing  vortex 

CRW 

length  of  wing  root  chord;  input,  item  10 

CRWI 

length  of  wing  root  chord  in  incompressible  space 

DTR 

degrees  to  radians  conversion  factor,  1/57.29578 

IMAX 

MSW  + 1 

M 

number  of  vortices  on  wing;  M = NCW*MSW 

MSW 

input,  item  11 

NCW 

input,  item  11 

NTAC 

input,  item  13 

NUN  I 

input,  item  13 
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Table  11-16.-  Continued. 


PCX(I) 

PHI (I) 

PHID (I) 
PSIWLE (I) 
PSIWTE(I) 
PTLX(I) 

PTLY(I) 

PTLZ (I) 

PVX(I) 

PVY(I) 

PVZ (I) 

SINPHI (I) 
SPAN 
SREF 
SSPAN 
SUMY (I) 

SW(I) 

SWPC(I) 

SWPV(I) 


X coordinate  of  the  control  point  associated  with  the 
i^h  vortex  on  the  wing 

dihedral  angle,  <f> . , in  radians  associated  with  the  ith 
vortex  on  the  wi&g 

input,  item  12 

input,  item  12 

input,  item  12 

X coordinate  of  the  3/4  chord  of  the  left  side  of 
the  area  element  associated  with  the  ith  vortex  on 
the  wing 

Y coordinate  of  the  3/4  chord  of  the  left  side  of  the 
area  element  associated  with  the  i^h  vortex  on  the 
wing 

Z coordinate  of  the  3/4  chord  of  the  left  side  of  the 
area  element  associated  with  the  i^h  vortex  on  the 
wing 

X coordinate  of  the  bound-leg  midpoint  of  the  ith 
wing  vortex 

Y coordinate  of  the  bound-leg  midpoint  of  the  ith 
wing  vortex 

Z coordinate  of  the  bound-leg  midpoint  of  the  i 
wing  vortex 

sin  <Jk  of  the  i^h  wing  vortex 
wing  span 

area  of  incompressible  wing 
semispan  of  wing;  input,  item  10 

Y location  of  the  midspan  of  the  (I  - l)th  wing 
segment 

semispan,  s,  of  the  ith  wing  vortex 


tangent  of  the  sweep  angle  of  the  3/4  chord  line  of 
the  area  element  associated  with  the  ith  wing  vortex 
measured  in  the  planform  plane 


wing  vortex 
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Table  11-16.-  Concluded. 


SWPW(I) 

tan  41  of  the  ith  wing  vortex 

SWPWLI (I) 

tangent  of  the  leading-edge  sweep  angle  in  incompres- 
sible space  of  the  (I  - l)th  wing  segment 

SWPWTI(I) 

tangent  of  the  trailing-edge  sweep  angle  in  incompres- 
sible space  of  the  (I  - l)th  wing  segment 

TANPHI (I) 

tan  ^ of  the  (I  - l)th  wing  segment 

XLEL(I) 

X coordinate  of  wing  leading  edge  at  Y = Y(I) 

Y(I) 

input,  item  12 

YLOC(I) 

SUMY ( I ) /SSPAN 

ZLEL(I) 

Z coordinate  of  wing  leading  edge  at  Y = Y(I) 
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(a)  Page  1. 


Figure  II-l Flow  chart  of  integration  loop  of  main  program. 
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(b)  Page  2 . 

Figure  II-l.-  Concluded 
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(a)  Page  1. 

Figure  11-2.-  Flow  chart  of  subroutine  ADAMS. 
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(b)  Page  2. 

Figure  II-2.-  Continued. 
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(a)  Page  1. 

Figure  II-3.-  Flow  chart  of  subroutine  EMPFOR. 
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(b)  Page  2 . 

Figure  II-3.-  Concluded. 
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CALCULATE  SPAN 
LOADING  FOR 
USE  IN  ROLLING 
MOMENT  CALCULATION 
FOR  PLANAR 
EMPENNAGE 


CALCULATE  (cct)5 
AT  MSF  SPANWISE 
CONTROL  POINTS 
(EQ.  (1-29}  , REF.  1) 


CALCULATE  SPAN 
LOADING  FOR  USE 
IN  ROLLING  MOMENT 
CALCULATION  FOR 
CRUCIFORM  EMPENNAGE 


^RETURN  y 

9 


CALCULATE 
R2  , cos  2y 
sin  2y,  tan  2y 
(EQS . (1-39 ) & 
(1-41) ,REF.i) 


( CALL 
SUBROUTINE 
\ CEL1 


CALCULATE 
20  FOR  yf  = 
a (EQ. (1-40) , 
REF.l) 


CALCULATE  (OCjt)s 
FOR  yf  “ a 
(EQ. (1-51) , REF.l) 


CALL 
SUBROUTINE 
\ CEL2  / 

~rr 


CALCULATE  (cc#), 
FOR  CONTROL 
POINTS  2 THROUGH 
MSF  (EQ . (1-38) , 
REF.l) 


^RETURN  ^ 


Figure  II-4.-  Flow  chart  of  subroutine  EMPINI 


(a)  Page  1. 

Figure  II-5.-  Flow  chart  of  subroutine  FORCE. 
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(b)  Page  2. 

Figure  II-5 . - Continued. 
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(c)  Page  3. 

Figure  II-5.-  Concluded. 
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Figure  II-6.-  Flow  chart  of  subroutine  OUTPUT. 
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SIMILAR  THICKNESS 
DISTRIBUTION 
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CHORDWISE 
ROWS? 


Figure  II-7.-  Flow  chart  of  subroutine  PTHIN. 
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Figure  I I- 8.-  Flow  chart  of  subroutine  PVLIN. 
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Figure  II-9--  Flow  chart  of  subroutine  STRIO. 
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Figure  11-10.-  Flow  chart  of  subroutine  THPVEL. 
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figure  11-15.-  Flow  chert  of  subroutine  VLIVEL. 


239 


/ DEFINE  \ 
{ SUB&OUFIHE  ) 

\ '/inns  / 


SET  ^ - 
M D FO 

^ " -XT 

R ALL  V 

CALCULATE  FUSELAGE 
INDUCED  VELOCITIES 
ON  PYLON 


NO  FUSELAGE? 


CALCULATE  FUSELAGE 
INDUCED  VELOCITIES 
ON  WING 


LOCATE  WING  VORTEX 
CONTROL  POINT  NV 
IN  FUSELAGE 
COORDINATE  SYSTEM 


f CALL  1 

SUBROUTINE 
l VELOC  j 


RESOLVE  VELOCITIES 
INTO  WING  COORDINATE 
SYSTEM  AND  ADD 
TO  TOTALS 


NO  PTLOrtT 


CALCULATE  RACK 
INDUCED  VELOCITIES 
ON  WING 


£ 


NV  - MP1  - 1 

T 


NV  « NV  + 1 
NC  * NV  - M 


LOCATE  PYLON  VORTEX 
CONTROL  POINT  NC 
IN  FUSELAGE 
COORDINATE  SYSTEM 


LOCATE  WING  VORTEX 
CONTROL  POINT  NV 
IN  RACK  COORDINATE 
SYSTEM 


/ CALL  \ 
( SUBROUTINE  > 
\ VELOC  / 


RESOLVE  VELOCITIES 
INTO  WING  COORDINATE 
SYSTEM  AND  ADD 
TO  TOTALS 


(a)  Pago  X. 

Figure  11-16,-  Flow  chart  of  aubroutine  VLRHS. 
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NO  STORES? 


CALCULATE  N STORE 
INDUCED  VELOCITIES 
ON  WING 


i A 


LOCATE  WIK 
CONTROL  I 
IN  Nth 
COORDINATE 

[G  VORTEX 
»OINT  NV 
STORE 
IS  SYSTEM 

1 

/ CALL  \ 
{ SUBROUTINE  ) 
\ VELOC  / 

RESOLVE  VELOCITIES 
INTO  WING 
COORDINATE  SYSTEM 
AND  ADD  TO  TOTALS 

NO  PYLOWT 


NV  - NV  + 1 

1 MO  i 

NC  “ NV  - M 

CALCULATE  N STORE 
INDUCED  VELOCITIES 
ON  PYLON 


9 


NV  - MP1  - 1 


LOCATE  PYLON  VORTEX 
CONTROL  POINT  NC 
IN  Nth  STORE 
COORDINATE  SYSTEM 


CALCULATE  PYLON 
THICKNESS  INDUCED 
VELOCITIES  ON 
WING 


(b)  Page  2. 


Figure  II-I6.-  Continued. 
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CALCULATE  WING 
THICKNESS  INDUCED 
VELOCITIES  ON 
PYLON 


(c)  Page  3. 

Figure  11-16.-  Concluded. 
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Figure  11-11.-  Flow  chart  of  subroutine  THWVEL. 
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(a)  Page  1. 

Figure  11-12.-  Flow  chart  of  subroutine  VELFLD. 
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(b)  Page  2. 


Figure  11-12.-  Concluded. 


Figure  11-13.-  Flow  chart  of  subroutine  VELOC. 
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(a)  Page  1. 

Figure  11-14.-  Flow  chart  of  subroutine  VLCOEF. 
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(b)  Pag*  2. 

Figure  11-14.-  Concluded. 
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(a)  Page  1. 

Pigure  11-18.-  Flow  chart  of  subroutine  WVLIN. 
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(b)  Page  2. 

Figure  11-18.-  Concluded. 
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